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ADVERTISEMENT. 


The present Volume is composed of Mr. Chaeles Darwin’s 
Geological Observations on Coral Reefs, Volcanic Islands, and 
South America, which wore published separately, at intervals, and 
constitute the Geologj' of the Voyage of the BeagU, under the 
cotnmaiiti of Cajitain Fitzroy, R.N. 

The high esiiraation in which Mr. Darwin’s works are held by 
s<^entific world, induces the Publishers to think that a re-issue of 
these books in one volume, *81 a greatly reduced price, will be 
acceptable to the increasing number of students of Geology, and 
also tend to promote the object which Her Majesty’s Government 
had in view in contributing to the publication of these works. 
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PREFACE. 


I SHALL have occasion, in many parts of the following 
volume, to adcnowledge the valuable information I have 
reccivctl frofti several persons ; but I must more particularly 
my obligations to ('aptain R. Moresby, L N., who 
conducted the sun ey of the Tied Sea, and of the archipelagoes 
of low coral-islands in the * Indian Ocean. I beg, also, 
to be j>crmittcd to rctuni my best thanks to Captain 
Beaufort, R. N., for having given me free access to the 
charts in the Admiralty, as well as to Captain Beecher, II. N. 
for most kindly aiding me in constilting them. My thanks 
arc likewise especially due to Captain Washington, R.N. for 
his invariable desire to assist me ip every possible manner. 
Having in former publications h|ul the pleasure ‘of acknow- 
ledging how much I owe to Captain FitzRoy, fer having 
|>crmUtcd me to volunteer iny services on board H.M.S. 

and for his uniform kindness in giving uu; assistance 
in my researches, I can here only rci>eat my obligations to 
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him. The materials for this volume were nearly ready two 
years ago; but owing to ill health, its publi(?ation has l)ccii 
delayed. The two succeeding Parts, — one on the volcanic 
islands visited during the voyage of the lieayh-, and the 
other on South America, — will appear, as soon as thcwcan 
be prepared. 

'ind May. 1H4‘2. 



DESCRIPTION OF THE PLATES. 


PLATE I. 

In the several oripnal immys, from which the small plans on this 
plate have been reduced, the coral-reefs are engraved in very diflferent 
styles. For the sake of uniformity, I have adopted the style used in 
the charts of the Chagos Archipelago, published by the East Indian 
Company, from the survey by Capt. Moresby and Lieut. Powell. 
The surface of the reef, which dries at low wajer, is represented 
by a stippled surface with small crosses: the coral-islets on the 
reef are marked by small linear unstippled spaces, on which a 
few cocoa-nut trees, out of all projKirtion too large, have been intro- 
duced for the sake of clearness. The entire amtuiar w/*, which 
w hen surrevunding an open expanse of w ater, forms an * atoll,' and 
when surrounding one or more high islands, forms an encircling 
/ b:: 4 ;Tier-rccf,’ has a nearly uniform structure, and has been tinted, in 
order to catch the eye, of a pule brotnmh-red colour. The reefs in some 
of the.original surveys are represented merely by a single line with 
crosses, 80 timt their breadth is dot given ; I have had such reefe en- 
graved of the width usually attained by coral-reefs. I have not 
thought it worth while to introduce all those small and very 
numerous reefs, which occur within tlie lagoons of most atolls and 
within tlie lagoon-channcls of most iMirrier-reefs, and which stand 
either isolated, or are attached to the shores of the reef or land. At 
Peros Banhos none of the lagoon-reefs rise to the surface of the 
water ; a few of them have been introduced, and ore marke^l by plain 
dotted circle#. A few of the deepest soundings are laid down within 
each reef j they are in fathoms, of six English feet. 

'ig. 1,— Vanikoro, situated in the western part of the Pacific; taken 
from the survey by CapL ITUrvifte in the Astrolabe: the scale is 
I of an inch to a geographical mile ; the soundings on 4he southern 
side of the island, namely, from 30 to 40 fathoms, are given from 
the voyage of the Chev. Dillon; the other soundings arc laid down 
from the survey by D’Unille ; height of the summit of the island is 
3U32 feet. The principal small detached reefs within the lagoon- 
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channel have in this instance been rejjrcsented. <(I'he southern shore 
of the island is narrowly fringed by a njcf t if the engraver hod 
carried this reef entirely round both islands, this figure would hove 
served (by leaving out in imagination (he barrier-reef) o$ a good 
specimen of an abruptly-sided island, surrounded by a reef of the 
fringing class. 


Fig. 2. — Hogoleu, or Koto, in the Caroline Archt|)elago ; taken ffom 
the atlas of the voyage of the Aatrolab^f compiled fh)m the surveys of 
Captains Duperrey and D’Crville ; scale ^ of an inch to a mile j the 
depth of the immense lagoon-like space within the reef is not known. 

Fig. 3.~Raiatka, in the Society Archii)eiago; from the map given in 
the quarto edition of Cook’s first voyage; it is probably not accurate; 
scale 2*3 of an inch to a mile. 


Big. 4 .-B 0 W, or yKYoi^ ATOLL (or lagoon-ishmrt), in the Low Archi- 
pelago, from the survey by Capt. Dcechey, UN.; scale ^ of an inch 
to a mile ; the lagoon is choked up with reefs, but the nvcrace 
greatest depth of about 20 fathoms, is given froni the published 
account of the voyage. • * 

the survey of 

Capt Duperrey, ,n (he Co, scale } of an inch to a mile- 
soundings m this and the following figure have been V ^ 


Fig. 6.— Maurl'a, 
Duperrey in the 
about 800 feet. 


in the Society Archipglago; from the 

Cwjutllc . scale i of an inch to a mile 


survey by Capt. 
: hciglit of land 


I>“rt of the Low Archi- 
™lc ; heighuof highest island, [246 ^1 “ 

by extensive and irregular reels- the reb , "'■"Winded 

submerged! ’ ® ®n ‘he southern tide it 

Fig, 0. Peros Banhos \ta» / t 
in the Indiap Ocean'; from thrK,!f°"”;“’r ‘*^’ «^P 
I’-el. ; scale , of a.’, i:" ‘ Moresby i S. 

, mil, . nearly all , he small 
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merged reefs in the lagoon arc represented ; the annular reef on the 
southern side is submerged. 

Fig. 10 . — Kkklixo, or Cocos atoli-, (or lagoon-island), in the Indian 
Ocean ; from the survey by Capt. P’itzRoy ; scale i of an inch to a 
mile ; the lagoon south of the dotted line is very shallow, and is left 
almost bare at low water j the jiart north of the line is choked up 
w\th irregular reefs. The annular reef on the N.W. side is broken, 
and blends into a shoal sand-bank, on w hich the sea breaks. 


PLATE II. 

Fig. 1. — (iwKAT Chagos Bank, in the Indian Ocean ; taken from the 
survey by Capt. Moresby and Lieut. Powell; scaleiJi, of an inch to a 
mile (same scale Jis llogoleu, in Plate I.); the parts w hich arc shaded, 
with the exception of tw'o or three islets on the western and northern 
sides, do not rj^e to the surface, but are submerged from 4 to 10 
fathoms ; the banks Ixamdcd by the dotted lines lie from 15 to 20 
fathoms beneath the surface, and arc formed of sand ; the central 
space is of mud, and from 30 to 50 fathoms deep. 

Fig. 2, — A vertical section, on the same scale, in an E. and W. line across 
the Great Chagt>s Bank, given for the sake of exhibiting more clearly 
its structure. 

Fig. 3. — Mknchicofp atoll (or lagoon-island), in the Marshall Archi- 
pelago, northern Pacific Ocean ; from Krusenstem’s atlas of the 
Pacific; originally surveyed by Capt. Hagemeister; scale ^ of an 
inch to a mile ; the depth within the lagoons is unknown. 

Fig. 4 — Mahlos Mahdoo atoll, togctlier with Horsburgh atoll, in 
the MaMiva archii>clago ; from the sur\’ey by Capt. Moresby and 
Lieut. Powell ; scale ^ of an inch to a mile ; the white spaces in the 
middle of the separate small reefs, both on the margin and in the 
middle part, are meant to represent Jittlc lagoons ; buf it was found 
not possible to distinguish them clearly from the small islets, which 
have been formed on these same small reefs ; many of the smaller 
reefs could not be introduced ; the nautical mark ( oN’tjr the figures 
250 and 200 between Mahlos Mahdoo and Horsburgh atoll and 
PowclFs island, signifies that soundings were not obtained at these 
depths. 
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Fig. r>,~NENv Caledonia, ii\ tho west<‘rn part (4* tlu' Pacirto ; frtnu 
Kruscnstern’s atlas, ('ompiled IVoni several siirveys ; I have Nligtuly 
altered the northern |K)int of the reef, in aeeordunte witli (he athw 
of the voyage of the J.striflabi'. In Kruseniitem’s atla«, the reef in; 
represented hy a single line with crosses; I have for tlie i«ke of 
uniformity added an interior line; scale ^ of an inch to a mile. 

Fig. (>, — Maldiv A ARenier.LAGo, in the Indian Ocean; from the sufv'cy 
hy Caj)t. Moresby and Lieut. Powell; scale ^1, of im inch tn a miltv 


PLATK III. 

The principles, on which tliis map js colonn d. are < xplaincd in the 
bogiiming of Cliai.trr VI.; thr ;i.!thoniu's fni coloiiriiig rnrh 
parhcular spot ;iic (Ut.-\ikHl in tlie Aiiixonlis, Tlo.- iiaiia-s i.riiil. d in 
Italics in the liiacx refer to the .\in'cinli\. 
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INTRODUCTION. 


The object of this volume is to describe from my own ob- 
servation and the works of others, the principal kinds of 
coral reefs, more especially those occurring in the open 
ocean, and to explain the origin of their peculiar forms. I 
do not here treat of the polypifers, which construct these 
vast works, except so far as relates to their distribution, and 
Vf the tonditions favourable to their vigorous growth. With- 
out any distinct intention to classify coral-reefs, most voy- 
agers have spoken of them Mnder the following heads: 
‘ lagoon-islands,’ or ‘atolls,’ ‘barrier,’ or ‘ encircling reefe’ and 
‘fringing,’ or ‘shore reefe.’ The lagoon-islands have re- 
ceived much the most attention ; and it is not surprising, 
for every one must be struck with astonishment, when he 
first beholds one of these vast rings of coral-rock, often many 
leagues in diameter, here and there surmounted by a low 
verdant island *with dazzling w’hite shores, bathed on the 
outside by the foaming breakers of the ocean, and on the 
inside surrounding a calm expanse of water, which, from 
reflection, is of a bright but pale gteen colour. The naturalist 
will feel this astonishment more deeply after having ftamined 
the soft and almost gelatinous bodies of these apparently insig- 
nificant creatures, and when he knows that the solid reef in- 
creases only on the outer edge, which day and niglft is lashed 
by the breakers of an ocean never at rest. Well did Franfoia 
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P^nud de l4iT«t, i» the year 1605, exclaim, *' C*e«t tme 
menieUie de voir cbacun de ce« atulloiu, ehuironnu d’un 
tfcand banc de pierrc tout autour, ii*y ayatu point tl'ani- 
fit* bumain.'* 'nie accompanying •ketch of Whiuunday 
labmd, in the S. racibc, taken from ('apt. Bcecbcy’s ad- 
mirable Voyage, althotigb excellent of ita kind, give* butt a 
front idea of the aingular aapect of one of tbcie lagooii-ii»bitKi«. 



Wbilxtintlay Island is of smalt size, and tiie whole circle has 
been converted into land, which is a. coin|>anitivcly rare 
ciministance. As the reef of a lagoon-island gencralk siipn 
ports many separate small islandsi the word ' island,’ applietl to 
the whole, is ofVen the cause of confusion ; hence I have 
invariably used in this volume the term ‘atoll,’ which is 
the name given to tijese circular grmiivt of coral islets by 
their inhabitants in the Indian Ocean, and is Hyiionymoiis 
with * lagoon -island.’ 

Barrier reefs, when encircling small islands, have been 
tminparalively little noticed by voyagers; but they well 
deserve attention. In their structure they* arc •little less 
marvellous than atolls, and they give a singular and most 
picturcs<]ue character to the scenery of the islands they snr- 
muiML In the occompanyltig sketch, taken frrtm the voyage 
of the Clatpiille, the reef is seen from within, from one of the 
high peaks of the bland of Bolabola.* Here, as in Whit- 
sunday island, the whole of that part of the reef which is 

* I have taken the Iil>eity of «impHfying the foreground, and leaving 
out a mountamoiia tilatid in ihe far dktanee* 
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visible is converted into land. This is a circumstance of rare 
occurrence ; more usually a snow-white line of great breakers, 
with here and there an islet crowned by cocoa-nut trees, 
separates the smooth waters of the lagoon-like channel from 
the waves of the open sea* *^rhe barrier reefe of Australia 
and of New' Caledonia, owing to their enormous dimensions, 
have excited much attention : in structure and form they 
resemble those encircling many of the smaller islands in the 
Pacific Ocean. 

• Wirti respect to fringing, or shore reefe, there is little in 
their structure which needs explanation ; and their name 
expresses their comparatively* small extension. They dif- 
fer from barrier- reefe in not lying so far from the shore, and 
in not having within a broad channel of deep water. Reefe 
also occur around siibmeiged banks of sediment and of wom- 
down rock ; and others are scattered quite irregularly where 
the sea is very shallow : these in most respects are allied to 
those of the fringing class, but they are of comparatively little 
interest. * 

I have given a separate chapter to each of the above 
classes, and have described some one reef or island, on which 
I [assessed most information, as (^pical ; and have afterwards 
compared it with others of a like kind. Althoiigh^this clas- 
sification is useful from being obvious, and from including 
most of the coral reefe existing in the open sea, it admits of 
a more fundamental division into barrier and atoll-formed 
reefe on the one hand, where there is a great apparent diffi- 
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culty with respect to the foundation on which they must finit 
have grown; and into fringing reefe on tlie other, where, 
owing to the nature of the slope of tlie adjoining land, there 
is no such difliciilty. The two blue tints and the rod colour 
on the map (Plato III.) represent this main division, as 
explained in the beginning of the lust chapter. In ihc 
Appendix, every existing coral reef, e.xcept some on tlie 
coast of Brazil not included in the map, is briefly de- 
scribed in geographical order, as fur as I jH)sso.sscd informa- 
tion ; and any particular .spot may be found by consulting 
the Index. 


So\cr<d theotics ttavc been advanced to explain iIk* origin 
of atolls or lagoon-islands, but scarcely one to account for 
barrier-reefs. J'rom the limited depths at whicli reef-build- 
ing iwlypifcrs can flourish, taken into consideration with 
certain other circumstances, we are compelled to conclude, 
as it will be seen, that both in atolls and b;!rrier-reefs, the 
foundation on which the coral was primarilv attached.’ ha.s 
subsided; and that during this dounwanrnanement’ the 
reefs have grown upwards. This conclusion, ii will U- A.rther 
* 0 ,,. ex, , lams „ms, s,iisi;,e,„ri|v||„.„„|li,„. 
of alolls aial tamer-rceli. a.,,1 likewise eerlai,, iliariii,.. i„ 
llicir slnK lnre. I l,e d,slHi,uti,m, als„, of ,|,e ,|iHi.ee,„ ki,„|, 
0 coral-rcc x, aii.1 l),e„- p„sli,m, wi,|, .eiali,,,, t„ 
of recent elevation, and to the points subien t i 

ominiom, fa.,, accord .i.luldsHLrv\;f.,i;;o'^^^^^^ 

an- Journal of Rnsli; 
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SECTION FIB8T, KEELINO ATOLL. 

Car alt od the outer margin — Zone of NuUipara — Exterior reef — 

— Coral-cmglomerate — Lagoon — Caleareout tediment — Seari qnd 
Iloluthuriee tubtitling on eoralt — Changet in the condition of the reeft 
and itlelt — Probable tubtidenee of the atoll — Future tlate of the lagoon. 

Keclinti or Cocos atoU is situated in the Indiaa Ocean, in 
12° 5' S. and long. 90° 55' E.; a reduced chap of it from the 
survey of Capt FitzRoy and the Officers of H.M.S. Beagle, 
is given in Plate 1. fig. 10. The greatest width of this atoll 
is nine miles and a half Its structure is in most respects 
characteristic of the class to which it belongs, with the excep- 
tion of the shallowness of the lagofp. The accompanying 
woodcut represents a vertical section, supposed to be drawn 
at low water from the outer toast across one of the low islets 
(one being taken of average dimensions) to within the lagoon. 


e 





150 Yanis 

I I 

/f— Level of the sea at low water : where the letter A is placed^ the 
depth is 25 fatho|}i8, and the distance rather more than 150 yards from 
the edge cHhe reef. 

Outer edge of that flat part of the reef, which dries at low water; 
the edge cither consists of a convex mound, as represented, or of rugged 
{X)ints, like those a little farther seawajd, beneath the w^ater. 

C— A flat of coral-rock, covered at high water. 

/)— A low* projecting fedge of brecciated coral-rock, wasHled by the 
waves at high water. 

A— A slope of loose fragments, reached by the sea only during gales : 
the upper part, which is from six to twelve feet high, is^lothed with 
vegetation. The surface of the islet gently slopes to the lagoon. 

F— Level of the lagoon at low-water. 
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The section is trne to the scale in a horiz-ontal line, but it 
conld not be made so in a vertical one, «s the averat^ greatest 
height of the land is only Iwtwecn six and twelve feet above 
high-water mark. I will describe the section, commencing 
with the outer mail-in. I must first observe tliat the reef- 
building polypifers, not being tidal animals, require to.be 
constantly submerged or washed by the breakers. I was 
assured by Mr. Licsk, a very intelligent resident on these 
islands, as well as by some chiefs at Tahiti (Otaheite), that an 
exposure to the ijays of the sun for a very short time inva- 
riably causes their destruction. Hence it is {wssible only 
under the most favourable circumstances, afforded by an 
unusually low tide and smooth water, to reach the outer 
margin, where Uie coral is alive. 1 succeeded only twice in 
gaining this part, and found it almost entirely composed of a 
living I’orites, which forms great irregularly rounded masses 
(like those of an Astrma, but latter) from foitr to eight feel 
broad, and little less in thickness. I'liesc mounds are sepa- 
rated from each other \af narrow crooked channels, about six 
feet deep, most of which intersect the line of reef at. right 
angles. On the furthest mound, which I was able to reach 
by the aid of a leaping-pole, mid over which the sea broke 
with some violence, although the tlay was tiuite calm and the 
tide low, the polypifers in the uppermost cells were all dead, 
but between three and four inches lower down on its side 
tliey were living, and formed a projecting border round the 
upper and dead surface. 'The coral being tlius checked in 
its upward growth, extends laterally, and hence most of the 
masses, especially these a little further inwartls, kwl broad 
flat dead summits. On the other hand 1 could see, during 
the recoil of the breakers, that a few yards further seaward, 
the whole convex surface rtf the Torites was alive : bo that 
the point' where wc were standing was almost on the exact 
upward and slioreward limit of exi.-tcnce of those corals 
which form the outer margin of the reef. Wc shall pre- 
sently sec that there are otlicr organic yiroductions, fittctl to 
bear a somewhat longer exposure to the air and suii. 
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Next^ but much inferior in importance to the Pontes^ is 
the Millepora complanata* It grows in thick vertical plates, 
intersecting each other at various angles, and forms an ex* 
ceedingly strong honeycombed mass, which generally affects 
a circular form, the maiginal plates alone being alive. Be* 
tween these plates and in the protected crevices on the 
reef, a multitude of branching zoophytes and other pro* 
ductions flourish, but the Porites and Millepora alone seem 
able to resist the fury of the breakers on its upper and outer 
edge : at the depth of a few fathoms other kinds of stony 
corals live. Mr. Liesk, who was intimately acquainted with 
every part of this reef, and likewise with that of North Keeling 
atoll, assured me that these corals invariably compose the 
outer margin. The lagoon is inhabited by quite a distinct 
set of corals, generally brittle and thinly branched ; but a 
Porites, apparently of the same species with that on the out- 
side, is found there, although it does not seem to thrive, and 
certainly does not attain the thousandth part in bulk of the 
masses opposed to the breakers. 

The woodcut shews the form 4|^die bottom off the reef : 
the water deepens for a space between one and two hundred 
yards wide, very gradually to^25 fathoms {A in section), be- 
yond which the sides plunge into the unfathomable ocean 
at an angle of 46® .f To the depth of ten or twelve fathoms, 
the bottom is exceedingly rugged, and seems formed of great 
masses of living coral, similar to those on the mai^n. The 
arming of the lead here invariably came up quite clean, but 
deeply indented, and chains and anchors which were lowered, 

♦ This ^illcjwra, (Palmipora of Blainvillc,) as well as the M. ale%- 
conif's, jK)88esscs the singular property of stinging the skin where it is 
delicate, as on the face and arm. 

t The soundings from which thi% section is laid down were taken 
with great care by Cant. FitzRoy himself: he used a liell-shaped lead, 
having a diameter of lour inches, and the armings each tilne were cut 
olf and bi-ought on board for me to examine. The arming is a prepa- 
ration of tallow, placed in the concavity at the bottom of the lead. 
Sand, and even small fragments of rock will adhere to it; and if the 
lK)(tom be of rock, it brings up an exact impression of its surface. 
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in the hopes of tearing up the coral, were broken. Many 
small fragments, however, of Millejiora aleicornis were broiigivt 
up; and on the arming from an eight-fathom cast, there 
was a perfect impression of an Astriea, apparently alive. 
I examined the rolled fragments cast on the l>each during 
gales, in order further to ascertain what corals grew outsjde 
the reef. The fragments consisted of many kinds, of 
which the Porites already mentioned and a Madre{K>ra, 
apparently the J/. corywhosiu w'cre the most abundant. 
As I searched in vain in the hollows on the rct'f and 
in the lagoon, for a living sjiecimen of this ^fadrepore, 

I conclude that it is contined to a zone outside, and be- 
neath the surface, where it must be very abundant. Frag- 
ments of the Mdlcpora olctcoruis and of an Astra^a were 
also numerous ;*thc former is fouiub but not in projwlionatc 
numbers, in the liollows on the reef; but tlie Aslrtea I did 
not see living. lienee we may infer, that .these are the 
kinds of coral which form the rugged sloping surface, (re- 
presented in the wood cuniy an uneven line) round and he- 
neath the external margi® Between 12 and 20 fatlum^s the 
arming came up an equal number of limes smoothed with 
sand, and indented with coral:. an anchor and lead were lost 
at the respective depths of 13 and IG fatho.ns. Out <,f twenty- 
hve sound, ngs, taken at a greater dep.l, ,|,a„ 20 f,„l,on,s, ove'ry 
one slie^ed tl.at the l.otton, tvas covered with sand; wl.crcas 
;U a OSS depth than 12 fathoms, ever.y soun.ling shewed 
that It wa> excccdiuglv ruf^o-ed and n 

V, articles T„., i- f'xtrnneous 

a tides. Us soundings were obtained at tlio depth of 360 

ail. .™, and a„cml Th! 

sand brought up from these dentl.s consis,. ,1 V- r . 

■aiatoil frag,., on., ,,f .,,„y „„ Z, .'“'“r , ,■ "' '"i 

fC' anZSt .“ore ""J' ‘""‘'HiZn, gcn“,. 



ZONE OF NULUPOEJE* 


9 


currents act violently, the inclination, owing to the accumu* 
lation of sediment, is less. As the arming of the lead from 
all the greater depths showed a smooth sandy bottom, I at 
first concluded that the whole consisted of a vast conical 
pile of calcareous sand, but the sudden increase of depth at 
some iK>tnts, and the circumstance of the line having been 
cut, as if rubbed, when between 500 and 600 &thoms 
were out, indicate the probable existence of submarine 
cliffs. 

On the margin of the reef^ close within the line where 
tlie up{>cr surface of the Porites and of the Millepora 
is dead, three species of Nullipora flourish. One grows 
in thin sheets, like a lichen on old trees; the second 
in stony knobs, as thick as a man’s finger, radiating from 
a common centre; and the third, which is less common, 
in a moss-like reticulation of thin, but perfectly rigid 
branches.* The three species occur cither separately or 
mingled together ; and they form by their successive growth 
a layer two or three feet in thickness, which in some cases is 
hard, ]mt where formed of (he Hchdh-like kind, readily yields 
an impression to the hammer: the surface is of a reddish 
colour. These Nulliporse, alt[iough able to exist above the 
limit of true corals, seem to require to be bathed during the 
greater part of each tide by breaking water, for they are not 
found in any abundance in the protected hollows on the back 
part of the reef, where they might be immersed either 
during the whole or an equal proportional lime of each tide. 
It is remarkable that organic productions of such extreme sim- 
plicity, fyr thm Nullijiora* undoubtedly belong to one of the 
lowest classes of the vegetable kingdom, should be limited 
to a zone so peculiarly circumstanced. Hence the layer 
composed by tlieir growth, mgrely fringes the reef for a 

* This last species is of a beautiful bright peach-blossom Colour. Its 
brandies are about as thick as crow-quills { they are slightly flattened 
and knobbed at the extremities. The extremities only are alive and 
brightly coloured. The two other species arc of a dirty purplish white. 
The second species is extremely hard ; its shbrt knob-like branches are 
cylindiica), and do not grow thicker at their extremities. 
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space of about 20 yards in width, cither under the form of 
separate niaDimillated projections, where the outer musses of 
coral arc separate, or more commonly, wlierc the corals 
are united into a solid margin, as a continuous smooth convex 
mound, {B in wood-cut,) like an artificial breakwater. Both 
the mound and mainmillatcd projections stand about three 
feet higher than any other part of the reef, by which tenn I 
do not include the islets, fonned by the acruinulution of rolled 
fragments. We shall hereafter see that other coral reefs are 
protected by a similar thick growth of Nulliporo! on the 
outer margin, the part most exposed to the breakers, and 
this must eftectually aid in preserving it from Iieing worn 
down. 


The wood-cut represents a section across one of the i-slets 
on the reef, buf if all that part which is above the level of C 
were removed, the section would be that of the .sim|)le reef, 
as it occurs where no islet has been formed. Jt is tliis reef 
which essentially forms the atoll. It is a ring, enclosing the 
lagoon on all sides except at the nortliern end, where there 
are two open spaces, through one of which ships can enter 
The reef varies in width from 230 to 50t) yards ; ii.s ^rfaec* 
IS level or very slightly inclined towards the lag.Km, and at 
high-tidc the sea breaks entirely over it: the water at low 
tide thrown by the I.reakers on the reef, is , arrival by the 
many narrow and shoal gullies or channels on its surface 

mto the agoon : a return stream .s.-ts out of the lagcKtn’ 
throii}i;ii the iiiaiii entr'infn r ^ 

U.0 hollo*. r ~'«I i" 

m short sinuous plates, or brai.clies ami evil. r - I 

up with cemented all'^itr'-^ f *'*'‘’‘* 

into a hard smooth floor ((’of v.- I 

one of freestone. This 'll-u h an artificial 

to 20.;, or even :pIo from 

^ ’ and IS strewed with a 
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few large fragments of coral tom up during gales: it is 
uncovered only at low water. I could with difficulty, and 
only by the aid of a chisel, procure chips of rock from 
its surface, and therefore could not ascertain how much of it 
is formed by the aggregation of detritus, and how much by 
the joutward growth of mounds of corals, similar to those now 
living on the margin. Nothing can be more singular than 
the appearance at low-tide of this 'flat' of naked stone, espe- 
cially where it is externally bounded by the smooth convex 
mound of Nulliporee, appearing like a breakwater built to 
resist the waves, wliich are constantly throwing over it sheets 
of foaming water The characteristic appearance of this 
‘flat’ is shown in the foregoing wood-cut of Whitsunday 
Atoll. ^ 

The islets on the reef are first formed between 200 
and 300 yards from its outer edge, through the accu- 
mulation of a* pile of fragments, thrown together by some 
unusually strong gale. Their ordinary width is under a 
quarter of a mile, and their length varies .from a few yards to 
severaj miles. Those on the S.E. and wnndward side of the 
atoll, increase solely by the addition of figments on their 
outer side; hence the loose blocks of coral, of which their 
surface is comiiosed, as well as tlie shells mingled with them, 
almost exclusively consist of those kinds which live on the 
outer coast. The highest part of .the islets (excepting hil- 
locks of blown sand, some of which arc 30 feet high), is 
close to the outer beach {E of the wood-cut) and averages 
from six to ten feet above ordinary high-water mark. From 
the outes beadh the surface slopes gently to the shores of the 
lagoon, which no doubt has been caused by the breakers, 
the further they have rolled over the reef, having had 
less power to throw up fhgments. The little wraves of 
the lagoon heap up. sand and fragments of thinly-branched 
corals on the inner side of the islets on the leeward 
side of die atoll; and these islets are broader than those 
to windward, some being even 800 yards in jvidth ; but 
the land thus added is very low. The fragments be- 
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neatb the surface are cemented into a solid mass^ which 
is ex}>osed as a ledge (JD of the wood-cut), projecting 
some yards in front of the outer shore, and from two 
to four feet high. This ledge is just reached by the 
waves at ordinary high-water: it extends in front of all the 
islets, and everywhere has a water-worn and »cooj>cd Apj)ear-» 
ance. The fragments of coral which are occasionally cast on 
the ^flat’ are during gales of unusual violence swept together 
on the beach, where the waves each day at liigh-walcr tend 
to remove and gradually w’ear them down ; but the lower 
fragments having become firndy cemented together by the 
percolation of calcareous matter, resist the daily tides longer, 
and hence project as a ledge. The cemented mass is gene- 
rally ol a white colour, but in some few parts reddish from 
fciTuginous matter: it is very hard, and is sonorous under 
the hammer: it is obscurely divided by seams, dipping at a 
small angle seaward: it consists of fnigmcnt^ of the corals 
which grow on the outer margin, some (juitc and others 
partially rounded, some small and others between two and 
three feet across; and of masses of previ(>n>lv-tbrmed con- 
glomerate, torn up, rounded, and re-eeinented ; or it consists 
of a calcareous sandstone, entirely eompo>ed of rounded par- 
ticles, generally almost blended together, (;f shells, corals, 
the spines of echini, and other such organic bodies rocks' 
of this latter kind, occur on many shores, where there are 
no coral-reefs. The structure of the coral in the eonglo- 
njerate has generally been much obscured by the infiltrafion 
ot spathosc ca canu.ns matter ; and 1 collected a very intcr- 

anriirr'*^^’ fra^rments of urtaltered coral, 

and endmg rvuh others, rvhere it was impossible to .liscuve 

coral lyintr loosp nn 1 11,. blocks of 

and inlilcpatijd. ‘ “"'ral |>arl» aUcred 

The lagoon „„„o 
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shallower than that of most atolls of considerable sbe. The 
sou them part is almost filled up with banks of mud and fields 
of corali both dead and alive; but there are considerable 
spaces^ between three and four fathoms, and smaller basins 
from eight to ten fathoms deep* Probably about half its 
area consists of sediment, and half of coral-ree& The 
corals composing these reefs have a very different aspect from 
those on the outside : they arc very numerous in kind, and 
most of them are thinly branched* Meandrina, however, 
lives in the lagoon, and rounded masses of this coral 
arc numerous, lying quite or almost loose on the bottom. 
The other commonest kinds consist of three closely allied 
species of true Madrepora in thin branches ; of Seriata-^ 
para suhidata ; two species of Porites • with cylindrical 
branches, one of which forms circular clumps, with the ex- 
terior branches only alive ; and lastly, a coral something 
like an Explarftiria, but with stars on both surfaces, growing 
in thin, brittle, stony, foliaccous exjmnsions, especially in the 
deeper basins of the lagoon. The reefs on which these 
corals^ grow are very irregular in form, are full of cavities, 
and have not a solid flat surface of dead rock, like that 
surrounding the lagoon ; nor, can they be nearly so hard, 
for the inhabitants made with crowbars a channel of con- 
siderable length through these reefs, in which a schooner, 
built on the S. E. islet was floated out. It is a very interest- 
ing circumstance, pointed out to us by Mr. Liesk, that this 
channel, although made less than ten years before our visit, 
was then, as we saw, almost choked up with living coral, so 
that fresh excftvations would be absolutely necessary to allow 
another vessel to pass through it 

The sediment from the deepest parts in the lagoon, 
when wet, appeared chalky, biit when diy, like very fine 

• Tlas Porites has somewhat the habit of P, etavana^ but the 
branches are not knobbed at their ends, ^lien alive it is of a yellow 
colour, but after having been washed in fresh water and placed to dry, 
a jet-black slimy substance exuded from the entire surface, so that the 
specimen now appears as if it had been dipped in ink. 
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•*»& soft tMiiks of nmilar, but even finer grained 

occur on the S.K. shore of the lagooiL afibrdii^ *8 
tkldt |TO^ 0 f A Fucu^ on which turtle feed j this mud, al- 
tlNMagh discoloured bj -vegetable matter, appears from its 
•ntire solution in acids to be purely calcareous. I have 
•een in the Museum of the Geological Society, a similar 
but more remarkaUe substance, brui^ht by Lieut. Nclwm 
firom the reefr of Bermuda, which, when shewn to several 
experienced, geologbta, was mistaken by them for true 
ehallu On the outside of the reef much sediment must 
be formed by the action of the surf on the rolled frag- 
ments of coral ; but, in the calm waters of the lagoon, this 
can take place only in a small degree. There are, however, 
other and unojipected agents at work here : large shoals 
of two species of Scanis, one inhabiting the surf out«ide the 
reef and the other the lagoon, subsist entirely, n.s I was 
assured by Mr. Liesk the intelligent resident Vd'ore referrctl 
to, by browsing on the living jwlypifcrs. I ojM'ncd several 
of tltesc fish, which are very numcittns and of (H)nsiderable 
sise, and 1 found their intestines distcndetl In small ^tieces 
of coral, and finely ground caleartNms matter. This niu.si 
daily pass from them as the finest sediment; much also must 
lie protlured by tlte infinitely numerous venuifonn and mol- 
luscous animals, which make cavities in almost every block 
of corah Dr. ,1. Allan of Forres, who has enjoyed the 
liest means of observation, infonns rnc in a letter, that the 
Holiilhuriic (a family of Kadiata), subsist on living coral; 
and the singular structure of bone within the anterior ex- 
tremity of their bodies, certainly apiiears well adaptt'd for 
this puqioac. The number of the species of IJoliithuria, and 
of the individuals which swarm on every part of these 
coral-rcefr, is extraordinarily^grcat ; and many ship-loads arc 
annually freighted, as is well known, for •Ghina with the tre- 
pang, wliich is • species of this genus. Tlic amount of coral 
yearly oatisumwl, and ground down into the finest mud, by 
these severs' creatures, and proliahly by many other kinds, 
must be immense. Tl»«sc facts are, however, of more im- 
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portance in another point of vieW| as showing us that there 
are living checks to the growth of coral-reefe, and that the 
almost universal law of ‘ consume and be consumed/ holds 
good even with the polypifers fonning those massive bul- 
warks, whicli are able to withstand (he force of the open 
ocean. 

Considering that Keeling atoll, like other coral formations, 
has been entirely formed by the growth of organic beings, 
and the accumulation of their detritus, one is naturally led to 
enquire, how long it has continued, and how long it is likely 
to continue, in its present state. Mr. Lcisk informed me 
that he had seen an old chart in which the present long 
island on the S.E. side was dwided by several channels into 
as many islets ; and he assures me that the dymnels can still 
be distinguished by the smaller size of the trees on them. 
On several islets, also, I observed that only young cocoa-nut 
trees were growing on the extremities; and that older and 
taller trees rose in regular succession behind them ; which 
shows that these islets have very lately increased in length. 
In tho upper and south-eastern part of the lagoon, I was 
much surprised by finding an irregular field of at least a mile 
square of branching corals, still upright, but entirely dead. 
They consisted of the species already mentioned ; they were 
of a brown colour, and so rotten, that in trying to stand on 
them, I sank half way up the leg, as if through decayed 
brushwood. The tops of the branches were barely covered by 
water at the time of lowest tide. Several facts having led 
me to disbelieve in any elevation of the whole atoll, I was at 
first unable to^imaginc what cause could have killed so large 
a field of coral. Upon reflection, however, it appeared to 
me that the closing up of the above mentioned channels 
would be a sufficient cause; for before this, a strong breeze by 
forcing water through them into the head of thf lagoon, 
would tend to raise its level. But now this cannot happen, 
and the inhabitants observe that the tide rises to a less 
height, during a high S.E. wind, at the head ^han at the 
mouth of the lagoon. The corals, which, under the former 



16 KEELING ATOLL. [t il. I. SECT. I. 

condition of things, had attained the utmost possible limit of 
upward growth, would thus occasionally be cxjioscd for "a 
short time to the sun, and be killed. 

Besides the increase of dry land, indicated by tlic fore- 
going facts, the exterior solid reef appears to have grown 
outwards. On the western side of the atoll, the * flat’ lying 
between the margin of the reef and the beach, is very wide : 
and in front of the regular beach with its conglomerate basis, 
there is, in most parts, a bed of sand and loose fragments 
with trees growing out of it, which apparently is not reached 
even by the sjiray at high water. It is evident some 
change has taken {dace since the waves formed the inner 
beach : that they formerly Heat against it witli violence 
was evident, frenn a remarkably thick and water- worn jMjint 
of conglomerate at one 8{»ot, now {)roteclcd bv vegetation 
and a bank of saiul^ that they beat against it in the same 
peculiar manner in which the swell from windw.ird now <»!>- 
liquely curls round the margin of the reef, was evident from 
the conglomerate having been worn into a {loint projecting 
from the beach in a similarly obli(|uc manner, 'fliis b-treat 
in the line of action of the breakers migbt result, eiiliet from 
the surface of tl.c reef iu front of the islets having i.oen 
submerged at one time, am! afterward having grown upwards 
or from the mounds of coral on the margin having continued 
to grow outwards. That an outward growth of this part is in 
process, can hardly be doubted from the fact already mcii- 

rcntly lately killed, ami their sides only three or four inches 
ower down tluckcned by a fresh layer of living coral But 

over "if ‘t "‘‘ich I nmst not unm 
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inequaiities filled up, that its surface has been nnich modified ; 
and it is possible that the hinder portions of the zone of NuUi- 
pora», perishing as the reef grows outwards, might be worn down 
by the surf. If this has not taken place, the reef can in no 
part have increased outwards in breadth since its formation, 
or at least since the Nulliporac formed the convex mound on 
Its margin: for the zone thus formed, and which stands be- 
tween two and three feet above the other parts of the reef, is 
nowhere much above twenty yards in width. 

Thus far we have considered facts, which indicate, with 
more or less probability, the increase of the atoll in its 
different parts: there are others having an opposite tendency. 
On the S.E. side, Lieut. Sulivan, to whose kindness I am 
indebted for many interesting observations, found the con- 
glomerate projecting on the reef nearly fifty yards in front of 
the beach : wc may infer from what wc see in all other parts 
of the atoll, that^the conglomerate was not originally so much 
exposed but formed the base of an islet, the front and upper 
part of wdiicli has since been swept away. The degree to 
which ^he conglomerate, round nearly the whole atoll, has 
been scooped, broken up and the fragments cast on the beach, 
is certainly very surprising, evco on the view^ that it is the 
office of occasional gales to pile up fragments, and of the 
daily tides to wear them away. On the western side, also, 
of the atoll, where I have described a bed of Siind and 
fragments with trees growing out of it, in front of an old 
bcachi it struck both Lieut Sulivan and rnysclf, from the 
manner in which the trees were being w^ashed down, that die 
surf had lately fccommenccd an attack on this line of coast 
Ajipcaranccs indicating a slight encroachment of the w^ater on 
the land, arc plainer within the higoon : I noticed in several 
places, both on its windward and ipeward shores, old cocoa- 
nut trees fulling with their roots undermined, and the rotten 
stumps of others on the beach, where the inhabitants assured 
us the cocoa-nut could not now^ grow\ Capt FitzRoy pointed 
out to me, near the settlement, the foundation posts of a 
shed, now w'ashcd l)y every tide, but which the inhabitanta 

c 
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Stated, had seven years ladbrc stootl above high watcr>mark. 
In the calm waters of the lagoon, directly connected with a 
great, and therefore stable ocean, it scejns very improbable 
that a change in the currents, suflicicntly great to cause the 
water to cat into the land on all sides, should have taken 
place within a limited jierioil. From thc.se cunsidcratit^ns I 
inferred, that probably the atoll had lately subsided to a 
small amount; and this inference was strengthened by the 
circumstance, that in 18.'14, two years l)efore our visit, the 
island had been shaken by a severe eurtluiuako, and by two 
■slighter ones during the ten previous years. If, during’ these 
subterranean disturbances, the atoll did subsitle, the down- 
ward movement must have twen very small, as we n»u.st con- 
clude from the fields of dead coral still lipping the surface of 
the lagoon, and from the breakers on the western shore not 
having yet regained the line of their fbrmer action, 'fbe 
subsidence must, also, have been preceded In- a long jH'ruMl 
of rest, (luring which the islets cjcfctulod to ilieir present size, 
and the living margin of the reef grew either upwards, or ni 
1 believe outirards, to its present distance from the la-neb. 

\Mietlier this view be correct or not, ih,- aliove facts are 
worthy ot attention, as showing how serere a struggle is in 
progrc.ss on tho.se low coral-formation.s between the two nioolv 
Glanced powi^rs of land and water. With respect to the 
uture state of Keeling atoll, if left undisturbed, we can .sc-e 
that he islets may still e.xtend in length; hut as they cannot 
resist the surf uuti broken !>y rolling over a w ide sp^-c their 

he rtef, and this must be limited hy thc%teopness of the 
.sulimanric flanks, which can be added t.. I 
derived from the wear and tear of the coral V 
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The dcjKisition, moreover, of sediment, checks the growth of 
coral reefs, so that these two agencies cannot act together 
witli full effect in filling it up. VVe know so little of the 
habits of the many different species of corals, which form the 
lagoon-reefs, that we have no more reason for supposing that 
their, whole surface would grow up as quickly as the coral 
did in the schooner- channel, than for supposing that the 
whole surface of a peat- moss would increase as quickly as 
parts are known to do in holes, where the peat has been cut 
away. These agencies, nevertheless, tend to fill up the 
lagoon ; but in proportion as it becomes shallower, so must 
the polypifers be subject to many injurious agencies, such as 
impure water and loss of food. For instance, Mr. Liesk 
informed me, that some years l>efore our visit unusually 
heavy rain killed nearly all the fish in the lagoon, and 
j)robably the same cause would likewise injure the corals. 
The reefs also, it must be remembered, cannot possibly rise 
above the level of the lowest spring-tide, so tliat the final 
conversion of the lagoon into land must be due to the accu- 
mulatiop of sediment ; and in the midst of the clear water of 
the ocean, and with no surrounding high land, this process 
must be exceedingly slow. 


SECTION SECOND. 

(ieneral form and she of aJollst th^ir reefs and islets — External slope — 
Zone of Nidlipgra* — Conglomerate — Depth of lagoons — SedimetU — 
llt ifs submerged xrhoUy or in part — Breaches in the reef — Ledge* 
formed shores round certaiti lagootis — Conversion of lagooyts itUo lancL 

I WILL here give a sketch of the general form and structure 
of the many atolls and atoll-formed reefs which occur in the 
Pacific and Indian oceans, comparing them with fLeeling 
atoll. The Maldiva atolls and the Great Chagos Bank differ 
in so many respects, that I shall devote to theip, besides 
occasional rcterences, a third section of this chapter. Keeling 

c 2 



20 ATOI.I.S. [ell. 1. PKCT. II, 

atoll may be consulcrecl as of moderate dimensions and of 
regular form. Of the thirty-two islands surveyed liy ('apt. 
Becchey in the Low Archipelago, tlie longest was found to 
be thirty miles, and the shortest less than a mile ; but 
V'liegen atoll, situated in another part of the same group, 
appears to be sixty miles long and twenty broad. Most of 
the atolls in tins group are of an elongated form ; thus 
Bow Island is thirty miles in length, and on an average 
only six in width (See Fig. 4, I’late I.), and (Mennont 'I'on- 
nerc has nearly the same proportions. In the Marshall 
Arehiiielago (the Kalielv and Uadaek group of Kotzebue) 
several of the atolls are more than thirty miles in length, and 
Rimsky Korsacoff is fifty-four long, and tsienty wide at the 
broadest part^of its irregular outliiu’. Most of the atolls in 
the Maldiva Archipelago are of great si/.e, one of them 
(which, however, l)ears a double name) measured in a medial 
and slightly curved line, is no less than eight \-t'ight geogra- 
phical miles long, its greatest width being under twentv. and its 
least only nine-and-a-half miles, .'some atolls have spui-s 
projecting from them; and in the Marshall orouj. theiv are 
atolls united together by linear reefs, for instance Menehiotf 
Island, (.See l ig. 3, I’late II.) which is sixty miles in h ngth, 
and consists of three loops tied together. In ihr the greali r 
number of eases an atoll consists of a simple ( longated ring, 
\vith its outline moderately retr,ilar. 

The average width of the\-umular n ef mav h.- taken at 

a „ip, ,|,a, i„ ,1,,. 

atolls o( llic l.„w Arcl.iitolaa,, i, i ; 
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directions, so that the matter thrown up from one side 
may accumulate against that before thrown up from another. 
In Lutke’s chart of the Caroline atolls, wc sec many 
instances of the former case; and the occurrence of islets, 
as if placed for beacons, on the points where there is a 
gateway or breach through the reef, has been noticed 
by several autliors. There are some atoll-formed reefe, 
rising to the surface of the sea and partly dry at low 
water, on wliich from some cause islets have never been 
formed ; and there are others, on which they have been 
formed, but have subsccjuently been worn away. In atolls 
of small dimensions tlic islets frequently become united 
into a single horse-shoe or ring-formed strip; but Diego 
Ciarcia, although an atoll of considerable size, being thir- 
teen miles and a half in length, has its lagoon entirely 
surrounded, except at the northern end, by a belt of 
land, on an aterage a tliird of a mile in width. To 
show how small the total area of the annular reef and the 
land is in islands of this class, I may quote a remark from the 
voyage /)f Liitke, namely, that if the forty- three rings, or 
atolls, in the (Caroline Archipelago, were put one within 
another, and over a steeple in Uie centre of St. Petersburg, 
the whole would not cover that city and its suburbs. 

The form of the bottom off Keeling atoll, which gradualljr 
slopes to about twenty fathoms at the distance of between one 
and two hundred yards from the edge of the reef, and then 
jdiingcs at an angle of 45° into unfathomable depths, is ex- 
actly the sarne'^^ with that of the sections of the atolls in the 
Low Archipelago given by Capt. Beechey. The nature, 
however, of the bottom seems to differ, for this officerf informs 

* The form of the bottom round the Marshall atolls in the Northern 
Pacific is probably similar : K<)tzebue<i( First Voyage, vol. ii. p, 16.) 
says, “ \Vc had at a snuilLdistaiice from the reef, forty fathoms depth, 
w hich increased a little further so much that w*c could find no bottom.’* 

t I must he permitted to express my obligation to Captain Beechey, 
for the very kind manner in which he has given me information on 
several points, ami to own the givat assistance I have defied from his 
excellent p\iblished work. 
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me that all the souiuliiigs, even the (leejH\st^ were on coral, bnt 
he does not know whether tlciul or alive. 1 he slojH* ro«u*d 
Christimus atoll, (Lai, I'M' N., ir>7M5'\V.) descrihed l)y 
Cook,* is considerably less ; at about hall’ a mile from the 
edge of the reef, the average depth wiis about tburlecu fathoms 
ou a fine sandy bottom, and at a mile, only between 
twenty and forty fathoms. It hits no doubt been owing io 
this gentle slope, that tlie strip of land surrounding its 
lagoon, lias inereased in one part to the extraordinary width 
of thre(‘ miles: it is formed of sucei‘ssive ridges of broken 
shells and corals, like those on the beaeb. 1 know of no 
other instance of sueb width in the reef of an at»>ll ; but Mr. 1*. 
I). Hennett informs me that the inelination iX the bollom 
round Caroline atoll in ibe Pacliie, i^ like llial oil t'!lrl^tmaH 
island, very gentle. OiV the Maldiva and ('luigus atolls, the 
inelination is nnieli more abrupt ; ihu'^ at 1 lt‘a\\ andoo Pholo, 
Lieut. Powell t tound and raH’athoin> eloM to the ( dge 
of tlie reef, and at 3(0 yards distanee there uas no 
bottom with a llOO yard lim^. Capt. More>!>y infonn.s me, 
that at loo fathoms from the mouth of tla' lagoon oi' 
Diego (Lareia, lie found no bottom with 1 dtMatla»iij^ : this 
is tlie more remaikable, a‘> tja* slope' i- gc neralU alirupl 
in front of ehaiineP through a n*ef, owing to tlu' aeemmi- 
lation of sedimout. At Lginont Iviand, abo, at l.>u fathoms 
from tlie reef, soundings were struck wiili l.a) ftthv>ins. 
Lastly, at (^ardoo atoll, only sixty vards from the* ret‘f, no 
bottom was obtained, as I am inliirmed bv Capt. Moresbv, 
Avitli a line of two Imndri'd fathoms! 'I'lu- (ijrrents rim 
with great force round these atolls, ami re thev are 
strongest, the inclination ajipears to lx? most abrupt. ^1 am 
iiit'ontic<l hy tlic same autlioritj', (l.al wlM irvcr ,v:(,„naiiiL's 
were ehtaliu d otf tliesc Wlaiids, tlie InHloiii «as invariahlv 
^andyijior was llicre any reason to .snspeel tin- exislenec 
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of submarine cliffs, as there was at Keeling Island/ Here 
then occurs a difficulty ; — can sand accumulate on a sIojmj, 
which, in some cases, appears to exceed fifty-five degrees? 
It must be observed, that 1 speak of slopes where soundings 
were obtained, and not of such cases, as that of Cardoo, 
where the nature of the bottom is unknown, and where 
its inclination must be nearly vertical. M. Elie de Beau- 
mont f lias argued, and there is no higher authority on 
this subject, from the inclination at which snow slides down 
in avalanches, that a bed of sand or mud cannot be 
formed at a greater angle than thirty degrees. Considering 
the number of soundings on sand, obtained round the Mal- 
diva and Chagos atolls, which appear to indicate a greater 
angle, and the extreme abruptness of the sand-banks in the 
West Indies as will be mentioned in the Ap|)cndix, I must 
conclude that the adhesive property of wet sand counter- 
acts its gravity, in a much greater ratio than has been 
allowed for by M. Elic dc Beaumont. From the facility with 
which calcareous sand becomes agglutinated, it is not neces- 
sary to^suppose that the bed of loose sand is thick. 

('apt. Beechey has observed, that the submarine slope is 
much less at the extremities oHlie more elongated atolls in 
the Low Archipelago, than at their sides; in speaking of 
Ducics Island he saysj the buttress, as it may be called, 
which ‘‘has the most powerful enemy (the S.W. swell) 
to o])po<e, is canied out much further, and with less abrupt- 
ness, than the other.” In some cases, the less inclination 
of a certain part of the external slojx?, for instance of the 

* Otr sonic of file islands in*the Low Archipelago the bottom appears 
to descend by ledges. OtT Elizabeth Island, which, however, consists 
<d’ raised roral, C-apt. Beechey (p. 45, quarto ed.) describes three ledges: 
the first had an easy slope from the h<^ch to a distance of about fifty 
yards ; the second extended two hundred yards with twenty-five fathoms 
on it, and then ended ahVuptly, like the first ; and immediately beyond 
this there was no bottom with two hundreil fathoms. 

t Memoires pour servir A une description G{*olog. de France, tome iv, 
p. ‘ilfi. 

t Beeehey’s Voyage, 4to cd, p. 44. 



24 


ATOLLS. 


[CH. I. SLOT. If. 


northern extremities of the two Keelinji; atolls, is caused by 
a prevailing current which there accumulates a bed ot saitd. 
Where the water is perfectly tran(|uih lus within a higoon, 
the reefs generally grow up perpendicularly, and souietimea 
even overhang their bases: on the other hand, on the leewiinl 
side of Mauritius, where the water is generally irampiil 
although not invariably so, the reef is very gently inermed. 
Hence it apjicars that the exterior angle varies much ; 
nevertheless, in the close similarity in form l)ct\Ne(‘ii (he 
sections of Keeling atoll and of the atolls in tlu' lanv Archi- 
pelago, in the geneinl steepiu'ss of the reeds (»f the Maldiva 
and ('hagos atolh, and in the p(‘rpendienlarit \ of (lu>‘'e rising 
out of \N atcr alwa.ys traiKjuil, \\v may di'^ci rn the eifects t»f 
nnlforni laws : but from the eom])le\ acliiai of the ‘'iirt and 
eurrciUs, on th(‘ growing powei'' of the laa-a! ami on ilur 
ileposltion of sediment, we ean hy no means ildlow out 
all the resnhs. » 


Where islets have been fore.; tl on tho re; W that part which 
I liave sometimes called the * llatf ami \\hieh )< p.irllv dry 
at low water, ap])ears similar in e\er\ r»toll. In the Mai'^hall 
gron[) in the N, Ihicifie, it ma\ he inferretl from (di;iJni^•^o8 
description, that the reef, wlien' islet- ha\(' not been formed on 
it, slopes gently from the cxtcanal margin to the -hore- of the 
lagoon: I'liiideis states that the Anstralian h.tnier ha- :i similar 
inclination inwards, and 1 have no d(mh( it of LTuieral 


occurrence, ahliong!;, according to lihrenlxng, the reef^ of 
the Red Sea offer an exception. (’haini^M, oh^erwes that 
‘Ahe red colour of the rccflat ih(> Marshall atolU; midi r the 
breakers is cause.l by a Nallip-n aj^ wbiel, cir ,,,,.,0 

whn-iTrrthr imrrs had - aiul. ii.aler favourable ciicuipsi.iuaw 
assumes a stalactitical fur.u/’-a <lesc,i,,iion perf, , ,lv appli ’ 
cable to the margin of Ke(;iing atoll* Alibougl. cinmiUo 


• Kot/.c' u.'s Filxl VoyilfTP, Vol. iii. HO , 

(.ai)C (k- \ cnl Miiui-, voiiic basallic rocki-, l;i..|i, ,n,, , : 

surf, w.Tcvo„,,,l,.„.lv „i,|, a lavrr of X.iili non" ‘'n ‘ ' 

oirraeo over many m,u ae melies, was of , , ' , , ' 

the layer, however, was of „o greater ll.i.-knn. ,| = 

Another 
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docb not state that the masses of Nulliporae form points or a 
mound, higher than the flat, yet I believe that this is the case; 
for Kotzclnie,* in another part, H[)eak8 of the rocks on the 
edge of the reef “ as visible for al>out two feet at low water,” 
and these rocks we may feel quite certain are not formed of 
tnic^coral.t Whether a smooth convex mound of Nulliporae, 
like that which appears as if artiflcially constructed to pro- 
tect the margin of Keeling Island, is of frequent occur- 
rence round atolls, I know not ; but we shall presently meet 
with it, under precisely the same form, on the outer edge of 
the ‘ harrier reefs* wliich encircle the Society Islands. 

Tliere appears to be scarcely a feature in the structure 
of Keeling reef, which is not of common, if not of universal 
occurren(’(*, in other atolls. Thus Chamisso describes^: a layer 
of coarse conglomerate, outside the islets round the Marshall 
atolls, which ‘‘appearson its upper surface uneven and eaten 
away.” From •drawings, with appended remarks, of Diego 
(jarcia in the (^hagos group and of several of the Maldiva 
atolls, sliown me by Captain Morcsby§, it is evident that 
their outer coasts arc subject to the same round of decay and 
renovation as those of Keeling atoll. From the descrip- 
tion of the atolls in the Low Archipelago, given in Capt 

kind, in the form of projecting knobs, grew in the same situation. 
These XulliporaD arc closely related to (hose described on the coral- 
reefs, but I believe are of ditlerent species. 

♦ Kotzebue’s First Voyage, vol. ii. p. 16. Lieut. Nelson in his 
excellent memoir in the Geological Transactions, (vol. ii p. 105.) alludes 
to the rocky j)oints mentioned by Kotzebue, and infers that they consist 
of Serpula', whicji compose incnisling masses on the reefs of Bermudas, 
as they likewise do on a sai^Hone bar off the coast of Brazil, (which I 
have described in London Phil. Journ. Oct 1841). These masses of 
Serpulie hold the same i>osition, relatively to tlie action of the sea, with 
the Nullii^ortc on the coral-reefs in th% Indian and Pacific Oceans. 

t Capt. Moresby, in his valuable paper “on the Northern Atolls of 
Maldivas,*’ (Geographical Journal, vol. v.), says that the edges of the 
reefs there stand above water at low spring tides. 

t Kotzebue’s First Voyage, vol. iii p. 144. 

§ Sec also Moresby on the Northern atolls of the Mal^livas, Geogra- 
phical Journal, vol. v. p. 400. 
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Becchey’s Voyage, it is not apparent that any cunglotncraio 
coral*rock wi\s there observed. 

The lagoon in Keeling atoll is shallow : in the atolls of the 
Low Archipelago the depth varies from 20 to 38 (luhoms, 
and in the Marshal Group, according to Chamisso, from 
30 to 35 : in the Caroline atolls it is only a little less. 
Within the Maldiva atolls there arc large spaces with 45 
fathoms, and some soundings arc laid down i>f 49 fithoms. 
The greater part of the bottom in most higoons, is formed 
of sediment; large spaces have exactly the same depth, or 
the depth varies so insensibly, that it is evidt*nt that no 
other means, excepting aqueous deposition, could have 
levelled the surface so e([ually. In the Maldiva atolls 
this is very conspicuous, and likcuisc in some of the Caroline 
and Marshall Islands. In the former large spaces consist of 
sand and S([ft cUuf ; and Kotzebue speaks ot‘ clay having 
been found \vithin one of the Marshall atolk. No doubt 
this clay is calcareous nmd. similar to that at Keeling Lland, 
and to that at i5crinu(la already referred to, as undisiinguish- 
ahlc from dIsifUegrated chalk, and which l.ient. NeKon savs 
is called there [)i[)e-<‘lav.’*^ 

\Micrc tiie vvavc> act with unequal lone ou tin? \\\m >ides 
ot an atoll, the islets ap])ear to Ik' lir-t t’omud, and art* gem*- 
rally of greater continuity t)j» the inon* expo-ed ^ho^e. d'he 
inlets, also, which arc* placed to leeNsani, are in most parts of 
tlic 1 acilic liable to he oeeasionalN '^wt’pt entirely awav hv 
gales, e(|uaUing hurricanes iu vitilence, w hich blow in an opj>o- 
site diicclU)n to the <)rdinary trade*-wiud. i he absence of the 


" I TTiny Iktc ol)H*rvr il,;u on tin* rti^p of Jirazt),* uh.T. there in 
much rah the Mumdii^^s near the land are d.‘.en}ted hy Admiral 
K<)u^sln, ill the Pih.t, du lirrsff, ;us sdieeuus s;uul. ininj^led uith much 
hncly coinnnnuted particles of .Jadh ami n>ra]. Furflu r in (he omne 
a spare- of a! ,n^r ,h,. coast, from the Ahrolhos islands to 
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islets on the leeward side of atolls, or w hen present their lesser 
din^ensions compared with those to windward, is a compara- 
tively^ unimportant fact ; but in several instances the reef itself 
on the leeward side, retaining its usual defined outline, docs 
not rise to the surface by several fathoms. This is the case 
with the southern side of Peros Banhos (Plate 1. fig. 9) in 
the C'hagos group, with Mourileu atoll*, in the Caroline 
Archipelago, and with the barrier reef (Plate L, fig. 8) of the 
Gambicr Islands. I allude to the latter reef, although 
belonging to another class, because Captain Becchey was first 
led by it to o!>serve the peculiarity in the question. At 
Peros Banlios the submerged part is nine miles in length, 
and lies at an average depth of about 5 fathoms ; its sur- 
I’ace is nearly level, and consists of hard stone, with a thin 
covering of loose sand. There is scarcely Any living coral 
on it, even on the outer margin, as I have been particularly 
assured by Moresby : it is in fact a wall of dead coral- 

rock, having the same width and transverse section with the 
reef in its ordinary state, of which it is a continuous portion. 
The living and j)erfoct parts terminate abruptly, and abut on 
tlic submerged portions, in the same manner as on the sides 
of an ordinary passage through the reef. The reef to leeward 
in otlier cases is nearly or cpiitc obliterated, and one side of 
the lagoon is left open ; for instance at Oulleay (Caroline Ar- 
clilpoliigo), where a crescent- formed reef is fronted by an irre- 
gular bank, on w hich the other half of the annular reef probably 
once stood. At Namonouito, in the same Archipelago, both 
these modifications of the reef concur; it consists of a great 
Hat bank, w^h from 20 to 25 fathoms water on it; for a 
length of more than 40 miles on its southern side it is open 
and without any reef, whilst on the other sides it is bounded 
by a reef, in parts rising to the ^urfaee and perfectly charac- 
terized, in parts lying some fathoms submerged. In the 
(diagos group there are annular reefs, entirely submerged, 

* Fn^deric laitke’s Voyage autour du Monde, vol. ii. p. 2tU. See 
aUo his account of Nainonouilo, at pp. 97 and 105, aind the chart of 
Oulleay in tlie Atlas. 
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which have the same structure as the suhnierged and defined 
portions just described. The ISpeukers Hank offers an exceJ- 
lent example of this structure ; its central expanse, which is 
about 22 fathoms deep, is 24 miles across; the external riin is 
of the usual width of annular reefs, arid is well-defined; it lies 
between 6 and 8 fathoms beneath the surface, and at thewpue 
depth there are scattered knolls in the lagoon. C«pt. Moresby 
believes the rim consists of dead rock, thinly covered with 
sand, and he is certain this is the ease with the external 
rim of the (ircat ('hagos Ihink, which is also essentiallv u 
suhmerged atoll. In lH)th those cases, as in the submerged 
portion of tlu' reef at IVros Hanhos, ('apt. Mores!)v feels sure 
that the (piantity ot living coral, twim on llu' outer edge 
overhanging the dei'j'->eu wati-r, is quiti' insignilicanf. Lastlv, 
in several parls*of the Pacific ami Indian < )c(‘:ii»s there arj 
banks, lying at greater deptlis than in the cans jnsl men- 
tinned, of the same form and si/c uith (be* lu ighbouring 
atolls, hut with tluir atolMike structure wholly obliterated. 

It appears from the survey of iTcu im t, that tbeic are banks 
ot tins kind in the ('aroliiie Archipeligo, and, as is reported, 
in the Low Archipelago. WIhmi we diMais,> the origin of the 
didereiu classes of coral fonqatioris. ue ,hall m c lliat the 
submerged state of the whole of Mune atolUfonued reefs 
and of portions of others, generally but nm invariably <m ihj 
e.warcl m.Io, a.,,1 tlie vxi^tenoo ..f .non- .ly suLnu-rgcl 
banks now possos>n,g litil,. or no si.ijns of thoir Jrigi„,,I atoll- 
l^kc s rucUTo are prol.ahly tbe oilonts of a nnlfonn cause - 
namely, the deatli of tl.e coral ,lnn„„ ,i„. , • , ' 

area, m whidi tlie atolls or banks are skuate.b ' '' ' 

rnoreltn ^o'or ,1^. ‘dnnnd f 

i.u<, .„c 

the middle of the lagoon, (lie eliM '.r'l in 

seldom as deep as the ' ■'* *"* ^ ‘brongh the reed' nro 
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notched. Mr. Lyell^ has observed tliat the growth of the 
coral would tend to obstruct all the channels through a reef, 
except those kept ojien by discharging the water, which 
during high tide and the greater part of each ebb is thrown 
over its circumference. Several facts indicate that a consi- 
derable quantity of sediment is likewise discharged through 
these channels ; and Captain Moresby informs me that he 
has observed, during the change of the monsoon, the sea 
discoloured to a distance off the entrances into the Maldiva 
and Chagos atolls. This, probably, would check the grow^th 
of the coral in them, far mor» effectually than a mere current 
of water. In the many small atolls without any channel, 
these causes have not prevented the entire ring attaining the 
surface. The channels, like the submerged and effaced parts 
of the reef, very generally though not invariably occur on 
the leeward side of the atoll, or on that side, according to 
Becchcy,t which, from running in the same direction with 
the prevalent wind, is not fully exposed to it. Passages 
between the islets on the reef, through which boats can pass 
at higji-watcr, must not be confounded with ship-channels, by 
which the annular reef itself is breached. The j)assages 
l>etween the islets occur, of course, on the windw ard as well 
as on the leeward side ; but tiiey are more frequent and 
broader to leeward, owing to the lesser dimensions of the 
islets on that side. 

At Keeling atoll the shores of the lagoon shelve gradually, 
where the bottom is of sediment, and irregularly or abruptly 
wdiere there are coral reefs ; but this is by no means the uni- 
versal structiwe in other atolls. Chamisso,^ speaking in 
general terms of the lagoons in the Marshall atolls, says the 
lead generally sinks “from a depth of two or three fathoms 
to twenty or twentyfour, and^you may pursue a line in 
which on one side gf the boat you may see the bottom, and 
on the other the azure blue deep w^ater.” The shores of the 

* Principles of Geology, vol. iii. p. 289. 

t Bccchey’s Voyage, 4to. ed. vol. i. p. 189.« 

J Kotzebue’s First Voyage, vol. iii. p. 142. 
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lagoon like channel within the barrier-reel at \ anikoro have 
a sinular stnictiire. (Captain Heeehoy has describ^'d a iniHli- 
fication of this structure (and he believes it Is not iiiieonuuon) 
in two atolls in the Low Archipelago, in which the shores 4>f 
the lagoon doscond by a few, broad, slightly inclined, letlges 
or steps: thus at Matilda atoll,* the great exterior reef, ^thc 
surface of which is gently inclined towards and beneath the 
surface of the lagoon, ends abruptly in a little cliff three 
fathoms deep : at its font, a ledge forty yards wide extends, 
shelving gently inwards like the surfacc-rcef, and terminated 
by a second little clifi five fallioins deep; beyond ibis, the 
bottom of the lagoon slopes to twenty fathoms, ubieh is the 
average depth of its centre. Tlu'se ledge> seem to I>e tl>rtned 
of coral rock; and (biplain Becclicy says that the lead often 
descended several fathoms through holes in them. In some 
atolls, all the coral reefs or knolls in tln^ lagoon ('oine to the 
surface at low-water; in other eases (d raiao' ^K‘cnrrenee, all 
lie at nearly tlie same (lej>th beneath if, hut most tiTfjiu’nllv 
they arc (piite irn'gnlar, — some with perja lulicular, some 
with sloping sides,— some rising to flu* Mirfae, and othoi^ 
Ling at till intci mediate depths from tiu* hotiom upwards. 

I cannot, therefort', suppose .that tht' union of sneli reefii 
could produce even one uniformly >lo])ing ledi/e, and much 
le^s two or three, one lameath the other, am! (‘aeh terminated 
by an rihnipf wall. At Matilda Island, whieh (filers the best 
example of the step-like strncinre, C’aptain Ik-echey 4,bserves 
that the coral knolls within th(‘ lagoon arc (piite iiVegular in 
their height. We sliall hereafter see that the theory which 
acanmts for the ordinary* form of atolU, appar ntiv includes 
this occasional peculiarity in their struct ure. 

smlll 'IxTc ooctir 

oni-o inrl ’ l"? "" " vvl.ich probably 

a l.^,oon, snu-e (ilicd up .iM, ..liuK-u, and coral- 

Here] lev’s Vo-, n/c 4t(, r.j v 1 ' 

the Worn of tlie'l.-ii’o’o,, "''litMiiohy Island 

'Ifcpcns Muldcrdy, ih,- ''•■nlr.'. and tiu-ii 

This bank is formed of e,?ral ami d, ad shell' 
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reefs, ('aptain Beechey entertains no doubt that this has 
been the ease with tlie two small islands, which alone of 
thirty-one surveyed by him in the Low Archipelago, did not 
contain lagoons. Ilomanzoff Island (in lat. is described 

by Chaiuisso* as formed by a dam of madrcjwritic rock in- 
closuig a flat space, thinly covered with trees, into which the 
sea on the leeward side occasionally breaks. North Keeling 
atoll appears to be in a rather less forward stage of conver- 
sion into land : it consists of a horse-shoe shaped strip of 
land surrounding a muddy flat, one mile in its longest axis, 
which is covered by the sea only at high water. When de- 
scribing South Keeling atoll, I endeavoured to show how 
slow the final process of filling up a lagoon must be ; never- 
thclcss, as all causes do tend to produce this effect, it is very 
remarkable that not one instance, as I believe, is known of 
a moderately-sized lagoon being filled up even to the low 
water-line at spring-tides, much less of such a one being 
converted into land. It is, likewise, in some degree remark- 
able, how few atolls, e.xcept small ones, are surrounded by a 
single jinear strip of land, formed by the union of separate 
islets, Wc cannot suppose that the many atolls in the Pacific 
and Indian oceans all have hnjl a late origin, and yet should 
they remain at their presetit level, subjected only to the 
action of the sea and to the growing powers of the coral, 
during as many centuries as must have elapsed since any of 
the earlier tertiary epochs, it cannot, I think, be doubted 
that their lagoons and the islets on their reef, would present a 
totally different appearance from what they now do. This 
consideration Jeads to the suspicion that some renovating 
agency (namely subsidence) comes into play at intervals, and 
perpetuates their original structure. 


Kotzebue’s First Voyage, vol. iii. p. 221. 
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SECTION THIRO. 


Maldiva Archipelago — Ring-formed reefs marginal and central— Great 
depth in the lagoons of the S, atolls — Reefs in the lagoons all rising 
to the surf aee —Position of islets, and breaches in the reefs with respert 
to the preralent winds and action of the waves — Destruction of islets — 
Connection in the position and submarine foundation of distinct atolls — 
'J'he apparent dissevemtent of large atolls — The Great Vhagos Hank — 
Its submerged condition and extraordinary structure. 


Although occasional references have been made to the 
Maldiva atolls, and to the hanks in the ('hngos group, 
some points of their structure <lcservc further consideratioi:. 
My description is derived from an examination of ti»e adini* 
rablc charts lately published from the survey of C’aptain 
Moresby and Lieut. Powell, and more espociallv from in- 
formation which Captain Moresby has communicated to me 
in the kindest manner. 

The Maldiva Archipelago is 47(» miles in length, with an 
average breadth of about .'>() miles. 'J'he form and dimensions 
of the atolls, and their singula/ position in a double line, may 
be .seen, but not well, in the greatly reduced chart ( Fig. cj) 
in Plate IT. The dimensions of the longest atoll in the 
group, (called by the double name of Millu-dou-Madou 
and rilla-dou-]\Iatle) has already been given ; it is W8 
miles m a medial and slightly eiirved line, and is less than 
20 miles m its broadest part, Huadiva, also, Ls a noble 
atoll, being 14 miles across in one ilirection, -jnd 34 in an- 
other, and the great included expan.se of water has a depth of 
bct»c«n 250 a,,, I 300 fed. Tl,. ,„„„|lcr i„ lhi» L„p 
differ m no rcpcct from oplinary | 

J romiirkali o from bring brend.d nninoro,,. ,lccp-w..or 

channel, Ira.ling ,|,c ; f,„ 

of tmadlva.^ In ihc ,h„o ^ / 

paratc porpon. of reef l,e,„.ee„ ,|,e,e channel. h„e ,b. 
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ordinary structure, and arc linear ; but in the other atolls, 
C8|)ccially the more northern ones, these [wrtions are ring- 
formed, like miniature atolls. Other ring-formed reefs 
rise out of the lagoons, in the place of those irregular ones 
which ordinarily occur there. In the reduction of the chart 
of Mahlos Mahdoo (Plate IL fig. 4), it was not found easy 
to define the islets and the little lagoons within each reef, 
so that the ring-formed structure is very imperfectly shown : 
in the large published charts of Tilla-dou-Matte, the appear- 
ance of these rings, from standing further apart from each 
other, is very renmrkable. The rings on the margin are 
generally elongated ; many of them are three, and some 
even five miles, in diameter; those within the lagoon are 
usually smaller, few being more than two miles across, and 
the greater number rather less than one. The depth of the 
little lagoon within these small annular reefs is generally 
from five to seven fathoms, but occasionally more ; and in Ari 
atoll many of the central ones are twelve, and some even 
more than twelve fathoms deep. These rings rise abruptly 
from the platform or bank, on which they are placed ; their 
outer margin is invariably bordered by living coral,* within 
which there is a flat surface oP coral-rock ; on this flat, sand 
and fragments have in many cases accumulated and been 
converted into islets, clothed with vegetation. I can, in fact, 
point out no essential difference between these little ring- 
formed reefs (which, however, are larger, and contain deei>er 
lagoons than many true atolls that stand in the open sea), 
and the most perfectly characterized atolls, excepting that the 
ring-formed ret^fs are based on a shallow foundation, insteail 
of on the floor of the open sea, and that instead of being 
scattered irregularly, they arc grouped closely together on 
one large platform, with the marginal rings arranged in a 
rudely-formed circle.* 

The perfect series which can be traced from portions of 
simple linear reef, to others including long linear lagoons, 

• Capt. Moresby informs me that. Millepora complanata* is one of the 
commonest kinds on the outer margin, as it is at Keeling atoll. 

D 
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and from these again to oval or almost circular rings, renders 
it probable that the latter arc merely modifications of the 
linear or normal ^ (;itc. It is conformable with this view, that 
the ring-formed reefs on the mai'gin, even where most })cr- 
feet and standing furthest apart, generally have their longest 
axes directed in the line which the reef would have held, if 
the atoll had been boumled by au ordinary wall We may 
also infer that the central ring-formed reefs arc modifications 
of those irregular ones, w hich arc found in the htgoons of all 
common atolls. It ajipears from the charts on a large scale, 
tliat the ring-like structure is contingent on the marginal 
channels or broaches being wide ; ami, consecineiitly, on the 
whole interior of the atoll being freely ex[H)sed to the waters 
ot the open sea. When the channels are narrow or few in 
number, altliough the lagoon be of great siz(' and*de[>lh (as 
in Sinuliva), there are no ring-forimd re(‘fs ; where the 
channels are somewhat broader, tli(‘ marginal portions of 
reef, and especially tliose close to the larger channels, are 
ring-formed, but the central ones are not so ; where they 
aic broadest, almost every nnd throughout lht‘ at<,>ll is more 


or less ]>(*rf‘ctly ring-formed. Although their presence is 
thus eoniiiigcnt on the <)j>eirn("^^ of ih<‘ marginal channels, 
the theory of tiieir formation, as we shall hereafter see, is 
included in that of the parent atolLs (,f yyhich they form 
the separate portions. 

1 he lagoons of all the atolb in the sonthent part of the 
I ic uptlago art fiom ten to twenty fathoms deeper than those 
.n t u. noyu.rn part. Tl.is is well exeu.plilie.l i„ the ca«* of 
A.kloo tlu. somhonunost atoll in the trn.njt, for although 
onlv ! nnlc..s it, .liaincKT. it has a depth of 

nt i T’"; ■‘■'r con,- 

for tl i ^ tio adeipmtc cause 

mrt ‘»><‘ <e,.tral and deepest 

hy Cant. I ««“ informed 

nearer the* border 11 (prohahl)- a calcareous mud); 

through the reef of 1^*''^'' channels 

reel, of hard sand-hanks, sandstone, congb- 
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merate rubble, and a little live coral. Close outside the 
rerf and the line joining its detached portions (^vhere inter- 
sected by many channels), the bottom is sandy, and it 
slopes abruptly into unfathomable depths. In most lagoons 
the depth is considerably greater in the centre than in the 
channels ; but in Tilla-dou-Matte, where the marginal ring- 
formed reefs stand far apart, tlie same depth is carried across 
the entire atoll, from the deep-water line on one side to that on 
the other. I cannot refrain from once again remarking on 
the singularity of these atolls, — a great sandy and generally 
concave disk rises abruptly from the unfathomable ocean, 
with its central expanse studded and its border symme- 
trically fringed with oval basons of coral-rock, just lipping 
the surface of the sea, sometimes clothed with vegetation, 
and each containing a little lake of clear water! 

In the southern Maldiva atolls, of which there arc nine 
large ones, ail the small reefs within the lagoons come to the 
surface, and arc dry at low water spring-tides ; hence in 
navigating them, there is no danger from submarine banks. 
This cireumstance is very remarkable, as within some atolls, 
fur instance those of the neighbouring Chagos group, not a 
single reef comes to the surface, a*nd in most other cases a few 
only do, and the rest lie at all intermediate depths from the 
bottom upwards. When treating of the growth of coral 
I shall again refer to this subject 

Although in the neighbourhood of the Maldiva Archipe- 
lago the winds, during the monsoons, blow during nearly an 
equal time from opposite quarters, and although, as I am 
informed by Capt. Moresby, the westerly winds are the 
strongest, yet tlie islets arc almost all placed on the eastern 
side of the northern atolls, and on the south-eastern side of 
the southern atolls. That the formation of the islets is due to 
detritus thrown up from the outside, as in the ordinary 
manner, and not from the interior of the lagoons, may, I 
think, be safely inferred from several considerations, w^hich it 
is hardly worth while to detail. As the easterly <irinds are 

d2 
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not the strongest, tlieir action probably is aided by some pre- 
vailing swell or current. 

In groups of atolls, exposed to a trade wind, t!ie ship- 
channels into the lagoons are almost invariably situated on 
the leeward or less exposed side of the reef, and the reef 
itself is sometimes cither wanting tlicre, or is submerged^ A 
strictly analogous, but different, fiict, may be observed at the 
Maldiva atolls — namely, that where two atolls stand in front 
of each other, the breaches in the reef are the most luiinerous 
on their near, and therefore less ox[K)sed, sides. "Finis on 
the near sides of Ari and the two Nillandoo atolls, which face 
S. Male, Phaleedoo, and M(>lo(|ue atolls, there are seven ly- 
threc dec[)“Watcr channels, and only twcnlv-five on their 
outer sides; on the near side of the three lalUr-narned atolls 
there are fifty-six openings, and only tlurty-seven on their 
outsides. It is scarcely possible to atlril)utc this difference to 
any other cause than the somewhat dilferent action of tin* 


sea on the two sides, which would ensue tVom the j>rotcc- 
tion affordctl by the two rows of atolls to each other. I nmv 
Iierc remark that in most oases, the (‘onditions faioitrable to 
the greater accumulation of fragUKuiis on t!ie reef and to its 


more perfect coiitinuiry, oi^ one side r>f the atoll than on 
the other, have coneurred, but this has not been the ciLse 
With the .Maidivas; for we have seen that the islets are placed 
on the eastern or south easlcrn sides, whilst the breaches 
m the reef oecur indifferently on any side, wlu-rc pro- 
ofed t.v an opposite atoll. The reef hein^ „,orc con- 
tijous on the outer an, I n.ore oxposetl sides of , ho.se 

he tf T;; 

th‘. f r , ' "tolls is more conlinuuns than 

hand, seVeral ish ts i *»ifiabitant« ; on the other 

l.elie;ed to i " -hich arc 

'‘TV ol<l, arc now fWt wearing away. The 
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work of destruction has, in some instances, been com- 
pleted in ten years. Capt Moresby found on one water- 
washed reef the marks of wells and graves, which were 
excavated when it supported an islet In South Nillandoo 
atoll, the natives say that three of the islets were formerly 
largc;r : in North Nillandoo there is one now being washed 
away; and in this latter atoll Lieut. Prentice found a reef, about 
six hundred yards in diameter, which the natives jwsitively 
affirmed was lately an island covered with cocoa-nut trees. 
It is now only partially dry at low water spring tides, and is, 
(in Lieut. Prentice’s words) entirely covered with live coral 
and madrepore.” In the northern part, also, of the Maldiva 
Archipelago and in the Chagos group, it is known that some 
of the islets arc disappearing. The natives attribute these 
effects to variations in the currents of the sea. For my own 
part I cannot avoid suspecting, that there must be some 
further cause, which gives rise to such a cycle of change 
in the action of the currents of the great and open ocean. 

Several of the atolls in this Archipelago are so related 
to each^other in form and position, that at the first glance one 
is led to suspect that they have originated in the dissever- 
ment of a single one. Mille .consists of three perfectly 
characterized atolls, of which the shaf>e and relative posi- 
tion are such, that a line drawn closely round all three, 
gives a symmetrical figure: to sec this clearly, a larger chart 
is recpiired than that of the Archipelago in Plate II. : the 
channel separating the tw’o northern Mfdc atolls is only 
little more than a mile wide, and no bottom was found in it 
with 100 fathonis. Powcirs Island is situated at the distance 
of two nfiles and a half off the northern cud of Mahlos 
Mahdoo, (see fig. 4. Plate II.), at the exact point where 
the two sides of the latter, if 4 >rolonged, w^ould meet: 
no bottom, however,, was found in the channel with 200 
fathoms : in the wider channel betw een Ilorsburgh atoll and 
the southern end of Mahlos Mahdoo, no bottom was found 
with 250 fathoms. In these and similar cases, tljc relation 
consists only in the form and position of the atolls. But ia 
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the channel l>ctwcen the two Nillandoo atolls, although three 
miles and a quarter wide, soundings were struck at ihe 
depth of 200 fathoms: the channel between Ross and Ari 
atolls is four miles wide, and only 150 fathoms deep. Here 
then we have, besides the relation of form, a submai’ine 
connection. The fact of soundings having been obtained 
between two separate and jx'rfectly characterized atolls is in 
itself interesting, as it has never, I believe, been effected in 
any of the many other groups of atolls in the Pacific and 
Indian seas. In continuing to tnice the connection of ad- 
joining atolls, if a hasty glance be taken at the chart (fig. 4. 
Plate II.) of Mahlos Mahdoo and the line of nnfathoniahle 
water be followed, no one will hesitate to consider it ns one atoll. 
But a second look will shew that it is divided by a bifurcating 
channel, of which the northern arm is about one mile and 
three quarters in width, with an average (le[>lh of 125 fa- 
thoms, and the southern one three quarters of a mile widt‘, 
and rather less deep. These channels rosemhle in the slojx 
of their sides and general form, those which separate atolls 
in every respect distinct; and the northern arm js wider 
than that dividing two of the Male atolls. The ring-formed 
reefs on the sides of this bifurcating channel are elongated, 
so that the northern and southern portions Alalilos 
Mahdoo may claitn, as far as their external outline is con- 


cerned, to be considered as distinct and p<Tfect alolk But 
the intermediate portion, lying in the fork of the channel, is 
bordered by reefs less jxrfect than those, which surround any 
other atoll in the group ot ecpially small tlimensions, Mahlos 
Mahdoo, therefore, is in every rcs{>ect in sui intermediate a 
condition, that it may be considered either as a single atoll 
ne^ly dissevered into three portions, or as three atolls almost 
perfect and intimately <ionnccted. This is an instance of 
a very early stage of the apparent disscYcrment of an atoll, but 
a still earlier one m many respects is exhibited at Tilla-doii- 
matte. I„ one ,,a,. „f tl.i, rittg-fo™.,! rref. ,t.„d » 

far apart from tad. othtr, that the ii.hahitai.la l.avt given dif- 
ferent name* ,.. the ....rthern .„J ,,.,ve, . 
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the rings, moreover, are so perfect and stand so separate, and 
the space from which they rise is so level and unlike a true 
lagoon, that we can easily imagine the conversion of this one 
great atoll, not into two or three portions, but into a whole 
group of miniature atolls. A perfect scries, such as we 
have here traced, impresses the mind with an idea of actual 
change; and it will hereafter be seen, that the theory of 
subsidence, with tlie upward growth of the coral, modified 
by accidents of probable occurrence, will account for the oc- 
casional disseverment of large atolls. 

The great Chagos Bank alone remains to be described. 
In the Chagos group there are some ordinary atolls, some 
annular reefs rising to the surface but without any islets on 
them, and some atoll-formed banks, either quite submerged, 
or nearly so. Of the latter, the Great Chagos Bank is 
much the largest, and differs in its structure from the others : 
a plan of it is {j^ven in Plate II. fig. 1, in which, for the sake 
of clearness, I have had the parts under ten fathoms deep 
finely shaded : an east and west vertical section is given in fig. 
2, in which the vertical scale lias been necessarily exaggerated. 
Its longest axis is ninety nautical miles, and another line 
drawn at right angles to the fir^, across the broadest part, is 
seventy. The central part consists of a level muddy flat, 
between forty and fifty fathoms deep, which is surrounded 
on all sides, with the exception of some breaches, by the steep 
edges of a set of banks, rudely aminged in a circle. These 
banks consist of sand, with a very little live coral ; they vary 
in breadth from five to twelve miles, and on an average lie 
about sixteen liithoms beneath the surface; they are bordered 
by the steep edges of a third narrow and upper bank, which 
forms tlie rim to the whole. This rim is about a mile in 
width, and with the exception of^two or three sjxits where 
islets have been forn^ed, is submerged between five and ten 
fathoms. It consists of smooth hard rock, covered* with a 
thin layer of sand, but with scarcely any live coral ; it is 
steep on both sides, and outwards slopes abnip^ into un- 
fathomable depths. At the distance of less than half a mile 
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fipom one part, no bottom was found with 190 fathoms; and 
off another pointi at a somewhat greater distance, there was 
none with 210 fathoms. Small steep-sided banks or knolls, 
covered with luxuriantly-growing coral, rise from the interior 
expanse to the same level with the external rim, which, as 
we have seen, is formed only of dead rock. It is impossible to 
look at the plan (Fig. 1. Plate II.), although reduced to so 
small a scale, without at once perceiving that the Great 
Chagos Bank is, in the words of CapU Moresby,* nothing 
more than a half-drowned atoll.” But of what great dimen- 
sions, and of how extraordinary an internal structure ! W e shall 
hereafter have to consider both the cause of its suhrnerged con- 
dition, a state coininon to other banks in the group, and the 
origin of the singular submarine terraces, wliich boiiiul the 
central expanse : these, I think, it can be shown, have re- 
sulted from a cause analogous to that, wlueh lias produced 
the bifurcating channel across Mahlos Mahdeo. 

* This ofticer has had the kindness to lend mr an cxeellenl MS. 
account of the Chagos Islands; from this papT, from tht* published 
charts, and from verbal information communii'ated !«> iiu' by Caj>t. 
Moresby, the above account of the (ireat Chagos iJaiik is taken. 



41 


CHAPTER IL 

BARRIEB-BEEFS. 

Closely resemble m general form and structure atoll-reefs — Width and 
depth of the la goon-channels — Breaches through the reef in front of rnd- 
leys, and generally 071 the leeward side — Checks to the filling up of (he 
lagoon-channels — Size and constitution of the encircled islands — Number 
of islands within tlic same reef — Barrier-reefs of New Caledonia and 
Australia — Position of the reef relative to the slope of the adjoining 
land — Probable great thickness of harrier-reefs. 

The tenn ‘barrier’ has been generally applied to that vast reef 
which fronts the N. E. shore of Australia, and by most voy- 
agers likewise to that on the western coast of New Caledonia* 
At one time I thought it convenient thus to restrict the 
term, but as these reefs arc similar in structure, and in posi- 
tion relatively to the land, to thpse, which, like a wall with a 
deep moat within, encircle many smaller islands, I have 
classed them together. The reef, also, on the west coast of 
New Caledonia, circling round the extremities of the island, 
is an intermediate form between a small encircling reef and 
the Australian barrier, which stretches for a thousand miles 
in nearly a straight line. 

The geograpjber Balbi has in effect described those barrier- 
reefs, which encircle moderately sized islands, by calling them 
atolls with high land rising from within their central expanse. 
The general resemblance betweey the reefs of the barrier 
and atoll classes may be seen in the small, but accurately 
reduced charts on Plate !.,♦ and this resemblance •can be 

• The authorities from which these charts have been reduced, toge- 
ther with some remarks on them, are given in a separately appended 
page, descriptive of the Plates. 
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further shown to extend to every part of their structure. 
Beginning with the outside of the reef; many scattered 
soundings off Gambler, Oualan, and some other encircled 
islands, show that close to the breakers there exists a narrow 
shelving margin, beyond which the ocean becomes sud- 
denly unfathomable : but off the west coast of New Cale- 
donia, Capt Kent* found no bottom with 150 fathoms, 
at two ships’ length from the reef; so that the slope here 
must be nearly as precipitous as off' the Maldiva atolls, 

I can give little information regarding the kinds of corals 
which live on the outer margin. When I visited the reef at 
Tahiti, although it was low water, the surf was too violent 
forme to sec the living masses ; but, according to what I 
heard from some intelligent native cliicfs, they resemble 
in their rounded and branchless forms, those on the margin 
of Keeling atoll. The extreme verge of llu' reef which was 
visible between the breaking waves at low ivater, consisted 
of a rounded, convex, artificial-Iiko breakwater, enlirelv 
coated with Nulliporip, and absolutely similar to that whicli 
I have described at Kceliug atoll. I rom what I heard 
when at Tahiti, and from the writings of the Ken s. (V. Klli.s 
and J. Williams, I conclude that this peculiar slnictiire 
is common to most of the encircled islands of the Society 
Archipelago. The reef within this inouml or breakwater, 
has an extremely irregular surface, even more .so than hetucen 
the islets on the reef of Keeling atoll, with whieli alone (a.s 
there arc no islets on the reef of I'ahiti) it can properly 
be compared. At lahiti, the reef is very irregular in width; 
hut round many other encheled islands, for injjtancc Vanikoro 
or Gambier islands, (Figs. 1. ami 8. Plate I.) it is rpiite its 
regular, and of the same average width, as in true atolls. 
Most barrier-reefs on the^ inner side slope irregularly into 
the higoon.channel,(as the space of deep water si^parating the 
reef i'ronx the included land may be called,) but at Vanikoro 
t e ree slopes only for a short distance, and then terminates 
abruptly lu a Bubmariiic wall, forty feel high,^a structure 
lJalryiin»lr, Hydrog. Mem. vol. iii. 
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absolutely similar to that described by Chamisso in the 
Marshall atolls« 

In the Society Archipelago, Ellis* states, that the reefs 
generally lie at the distance of from one to one and a half 
miles, and, occasionally, even at more than three miles, from 
the ^ shore. The central mountains are generally bordered 
by a fringe of flat, and often marshy, alluvial land, from one 
to four miles in width. This fringe consists of coral-sand 
and detritus thrown up from the lagoon-channel, and of soil 
washed down from the hills ; it is an encroachment on the 
channel, analogous to that low and inner part of the islets in 
many atolls, which is formed by the accumulation of matter 
from the lagoon. At Hogoleu (fig. 2. Plate L) in the Caroline 
Archipelago, t the reef on the south side is no less than 20 
miles ; on the cast side, five ; and on the north side, 14 
miles from the encircled high islands. 

The lagoon^channels may be compared in every respect 
with true lagoons. In some cases they are open, with a 
level bottom of fine sand ; in others they ai*e choked up with 
reefs yf delicately branched corals, which have the same 
general character as those within Keeling atoll. These inter- 
nal reefs either stand separately, or more commonly skirt the 
shores of the included high islands. The depth of the lagoon- 
channel round the Society Islands varies from two or three, 
to thirty fathoms ; in Cook’sJ chart of Ulietea, however, there 
is one sounding laid down of 48 fathoms : at Vanikoro there are 
several of 54 and one of 56 J fathoms (English), a depth which 
even exceeds by a little that of the interior of the great Maldiva 
atolls. Some Uarrier-reefs have very few islets on them ; whilst 
others are surmounted by numerous ones ; and those round 
part of Bolabola (PI. I. fig, 5.) form a single linear strip. The 

♦ Consult, on this and other points, the Polj'nesian Researches by 
the Rev. W, Ellis, an admirable work, full of curious information. 

t Sec Hydrographical Mem. and the Atlas of the Voyage of the 
Astrolabe, by Capt. Dumont D’Urville, p. 428. 

t See the chart in vol. i. of Hawkesworth’s 4to ed. o£ Cookes First 
Voyage, 
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islets first appeiir cither on the angles of the reef, or on the 
sides of the breaches through it, and arc generally most 
numerous on the windward side. The reef to leeward retain- 
ing its usual width, sometimes lies submerged several fathoms 
beneath the surface; I have already mentioned Gambier 
Island as an instance of this structure. Submerged reefs, 
having a less defined outline, dead, and covered with sand, 
have been observed (sec Appendix) off some parts of Iluahcine 
and Tahiti. The reef is more frequently breached to leeward 
than to windward; thus I find in Krusenstern's Memoir on 
the Pacific, that there are passages through tlie encircling 
reef on the leeward side of each of the seven Society Islands, 
which possess ship-harbours; but that there are o[)cningH to 
windward through the reef of only three of them. I'he 
breaches in the reef arc seldom as deep as the interior 
lagoon-like channel; they generally occur in front of the 
main valleys, a circumstance which can be aifcoiinted for, as 
will be seen in the fourth cha])tor, without much ditliculty. 
The breaches being situated in front of the valleys, whieii 
descend indifferently on all sides, explains their imge fre- 
quent occurrence through the windward side of harrier-ret fs 
than through the windward, side of atoll.s™for in atolls 
there is no included land to iidhience the jK)sition of the 
breaches. 


It is remarkable, that the lagoon-eharinels round inountuin- 
ous islands have not in every instance* het'u long jigo filled 
up with coral and sediment; but it is more cjisily accounted 


for than appears at first sight In caves like t\ua u( Ilogoleu 
and the Gambier Islands, where a few small pciks rise out of 
a great lagoon, the condition.s scarcely dlfi'er froiii those of an 
atoll; and I have already shown, at soine length, that the filling 
up of a true lagoon must be m extremely slow proc(*Hs. Where 
the channel is narrow, the agency, which on unprotected 
coasts IS most pnahictive of Hedimont, namely the force of 
the breakers is liere entirely excluded, nn<I the recflKjing 
l.rcaclj^.d the frunt of the .nain valleys, much of the finer 
mud from the rivers must be transported into the open 
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sea. As a current is formed by the water thrown over the edge 
of atoll-formed reefs, which carries sediment with it through 
the deepwater breaches, the same thing probably takes 
place in barrier-reefs, and this would greatly aid in pre- 
venting the lagoon-channel from being filled up. The low 
alluvial border, however, at the foot of the encircled moun- 
tains, shows that the work of filling up is in progress ; and 
at Maurua (PL I. fig. 6.) in the Society group, it has been almost 
effected, so that there remains only one harbour for small craft* 

If we look at a set of charts of barrier-reefe, and leave out 
in imagination the encircled land, we shall find that besides 
the many points already noticed of resemblance, or rather of 
identity in structure with atolls, there is a close general 
agreement in form, average dimensions, and grouping. En- 
circling barrier-reefs, like atolls, are generally elongated, 
with an irregularly rounded, though sometimes angular out- 
line. There are atolls of all sizes, from less than two miles in 
diameter to sixty miles, (excluding Tilla-dou-Matte, as it 
consists of a number of almost independent atoll-formed 
reefs) \ and tlierc are encircling barrier-reefs from three miles 
and a half to forty-six miles in diameter, — Turtle Island 
being an instance of the former, and Hogoleu of the latter. 
At Tahiti the encircled island is 36 miles in its longest axis, 
whilst at Maurua it is only a little more than two miles. 
It will be shown, in the last chapter in this volume, that there 
is the strictest resemblance in the* grouping of atolls and 
of common islands, and consequently there must be the same 
resemblance in the grouping of atolls and of encircling barrier- 
reefs. 

The islands lying within reefs of this class, are of veiy 
various heights. Tahiti* is 7000 feet; Maurua about 800; 
Aituaki 360, and Manouai only €0. The geological nature 

• The height of Tahiti is given from Capt. Beechey ; M^nia from 
Mr. F. D. Bennett (Geograpli. Journ. vol. viii. p. 220); Aitutaki from 
measurements made on board the Beagle: and Manouai, or Harvey 
Island, from an estimate by the Rev. J. Williams. The two latter 
islands, however, are not in some respects well cbaractenzed examples 
of the cncirckni class. 
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of the included land varies; in most cases it is of ancient 
volcanic origin, owing apparently to the fact that islands ‘of 
this nature are most frequent within all great seas : some, 
however, arc of madreporitic limestone, and otliers of primary 
formation, of which latter kind New Caledonia offers the 
best example. The central land consists either of one island, 
or of several; thus in the Society group, Eimeo stands by 
itself ; while Taha and Raiatea, (fig. 3. Plate I.) both mo- 
derately large islands, of nearly equal size, arc included in 
one reef. Within the reef of the Gamhicr grouj) there arc 
four large and some smaller islands (fig. 8. Plate I.) ; within 
that of Hogoleu (fig. 2. Plate I.) nearly a dozen snndl 
islands are scattered over the expanse of one viist la- 
goon. 

After the details now given, it maybe a.sserted, that there 
is not one point of essential difference between encircling 
barrier-reefs and atolls ; — the latter enclose a*simj)lc sheet of 
water, the former encircle an cxj)anse with one or more 
islands rising from it. I was tniich struck with this fact, 
when viewing, from the heights of Tahiti, the disfattl island 
of Eimeo stonding within smooth water, atid encircled by a 
ling of snow-white breakers*. Remove the central hind, 
and an annular reef like that of an atoll in ;in I'arly stage 
of its formation is left; remove it from Rolabohi, and there 
remains a circle of linear coral-islets, crowned with tall cocoa- 
nut trees, like one of the many atolls scattered over the 
Pacific and Indian oceans. 

The barrier-reefs of Australia and of New Caledonia, 
deserve a separate notice from their great ditnliisions. The 
reef on the west coast of New Caledonia (fig. .'i. Plate 11.) is 
400 miles in length ; and for a length of many leagues it sehlom 
approaches within eight nftlcs of the shore ; and near the 
southern end of the island, the space Itctwccn the reef and 
the land is sixteen miles in width. The Australian barrier 
extends, with a few interruptions, for nearly a thousand 
miles: its average distance from the land is between twenty 
and thirty miles, and in some parts from fifty to seventy. 
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The great arm of the sea thus included, is from .ten to 
twenty-five fathoms deep, with a sandy bottom ; but towards 
the southern end, where the reef is further from the shore, 
the depth gradually increases to forty, and in some parts 
to more than sixty fathoms. Flinders* has described the 
surface of this reef as consisting of a hard white a^lo- 
merate of different kinds of coral, with rough projecting 
[Kiints. The outer edge is the highest part; it is trar 
versed by narrow gullies, and at rare intervals is breached by 
shipchannels. The sea close outside is profoundly deep ; 
but, in front of the main breaches, soundings can sometimes 
be obtained. Some low islets have been formed on the 
reef. 

There is one important point in the structure of barrier- 
reefs which must here be considered. The accompanying 
diagrams represent north and south vertical sections, taken 
through the highest points of Vanikoro, Gambicr, and 
Maurua islands, and through their encircling reefs. The 
scale both in the horizontal and vertical direction is the 
same, ntuncly, a quarter of an inch to a nautical mile. The 
height and width of these islands is known; and I have 
attempted to represent the form of the land from the shading 
of the hills in the large published charts. It has long been 
remarked, even from the time of Dampicr, that a considerable 
degree of relation subsists between the -inclination of that 
part of the land which is beneath water and that above it ; 
hence the dotted line in the three sections, probably, does not 
widely differ in inclination from the acttial submarine pro- 
longation of the land. If wc now look at the outer edge of 
the reef (A A), and bear in mind that the plummet on the 
right hand represents a depth of 1200 feet, we must conclude 
that the vertical thickness of these barrier coral reefs is 
very great. 

Flinders’ Voyage to Terra Australis, vol. ii. p, 88. 
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1-— V.mikoro, froni tho Atlas of tho voyaf;t‘ of ih*’ l'> 1^- 

D’Urvillt’. 

*2“-(iambier Island, from Ikochcy. 

3 — Ma\inia, from the atlas of iho voyai^e of tlu* ( , by na y 

Tlio horizontal liiU‘ is tbo level of the si-a, from wbu’li tlie rio^*’ 
hand a pUimim't descends, representing a depth f»f 2^0 fathom^, or 12<VI 
feet. The vertical sliading shows the section of the land, and llu* hori- 
zontal shading that of th(' encircling harrit*r-rccf : from the slnalllle^^ 
of the scale, the lagoon-channel could not he reprcsmterl. 

A A —Outer edge of tlic coral-reiTs, where tin* sra hn ak^. 

B B— The shore of the encircled islands. 

• 

I must observe, tluit it' tlie sections bad been taken in 
any other direction across tliese island-', or aero— oilier 
encircled islands,* the result would liave Imcii the same. 
In the succeeding chapter it will lie .shown that reet-liinlding 
polypifers cannot flourish at great depths,— fiir in>tanec, it i- 
highly improbable that they conhl exist at a i[uarter of the 
depth repre.scnted by tlic plummet on the riolu hand ol' the 
woodcut. Here then is a grt'at npjmnd dillieultv -how 
were the basal part.s of these harrier-reefs formed. It will, 
perhaps, occur to sotne, Uiat the actual reef- liirmed of coral 

' In till- fifth chapter an Kasl and West -ffi ion aero- the Mam! of 
Bolalioia and its barrier-reefs is given, for tlie .lake of illiisirating ano- 
ther point. The unbroken line in it (woodnit No. .a; is ihe section 
referred to. The scale is -.57 of an inch to a mile; if is taken from ih-- 
Atlas of tire \oyage of the ('o/juillr by Dnperrev. The depth of the 
lagoon-ehannei is exaggerated. 
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are not of great thickness, hut that before their first growth, 
the coasts of these encircled islands were deeply eaten 
into, and a broad but shallow submarine ledge thus left, on 
the edge of which the coral grew ; but if this had l>een the 
case, the shore would have been invariably bounded by lofty 
cliffs, •and not have sloped down to the lagoon-channel, as it 
docs in many instances. On this view,* niriSteover, the cause 
of the reef springing up at such a great distance from the 
land, leaving a deep and broad moat within, remains alto- 
gether unexplained. A supposition of the same nature, and 
a[)pearing at first more probable, is, that the reefs sprung up 
from banks of sediment, which had accumulated round the 
shore previously to the growth of the coral ; but the exten- 
sion of a bank to the same distance round an unbroken coast, 
and in front of those deep arms of the sea, (as in Raiatea, 
see Plate IL fig^3.) which penetrate nearly to the heart of 
some encircled Islands, is exceedingly improbable. And 
why, again, should the reef spring up, in some cases steep on 
both sides like a wall, at a distance of two, three, or more 
miles from the shore, leaving a channel often between 
200 and 300 feet deep, and rising, from a depth which 
we have reason to believe is destructive to the growth of 
coral? An admission of this nature cannot possibly be 
made. The existence, also, of the deep channel, utterly 
precludes the idea of the reef having grown outwards, on a 
foundation slowly formed on its outside, by the accumulation 
of sediment and coral detritus. Nor, again, can it be as- 
serted, that the reef-building corals will not grow, excepting 
at a great distance from the land ; for, as we shall soon see, 
there is a whole class of reefs, which take their name from 
growing closely attached (especially where the sea is deep) to 
the beach. At New Caledonia, (see Plate II. fig. 5.) the 
reefs which run in front of the west coast, are prolonged in 
the same line 150 miles beyond the northern extremity of 

* The Rev. D. Tycrman and Mr. Bennett (Journ. of Vc^ge and 
Travels, vol. i. p. 215) have briefly suggested this explanation of the 
origin of the encircling reefs of the Society Islands. 

E 
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the island, and this shows that some explanation, cpiite 
different from any of those just suggcsteil, is reijuited. 
The continuation of the reefs on each side of the submarine 
prolongation of JS'cvv (’alodonia, is an exceedingly inten'st- 
ing fact ; if this part formerly existed as the northern ex- 
tremity of the island, and before the attachment of tho coral 
had been worn tlown by the action of the sea, or if it origi- 
nally existed at its present height, with or without beds of 
sediment on each (lank, how can we jwssibly account for the 
reels, not growing on the crest of this submarine portion, 
but fronting its sides, in the same line with the n els which 
front the shores of (he lofty island? We shall hereafter see, 
that there is one, and I believe only one, solution of ibis 
difficulty. 

One other supposition to account for the position of en- 
circling barrier-reefs remains, but it Ls almost too {)re))osterons 
to bo mentioned ; — namely, that they rest on t'normous 
submarine craters, surrounding the included i.-land>, Wlien 
the size, height, ami form of the blaials in the Soeieiv gruu]> 
are considered, together with the fact that all are«tlm.s en- 
circled, such a notion will be rejected 1)\ almost everv one. 
New Caledonia, moreover,* besides its is eompo-ed of 
})rimitivc formations, a.s are some of the Coinoio I.-.laml'- 
and Aitutaki consists of calcareous rock. W e mu.'-t, there- 
fore, reject these several explanations, and coiielmle that the 
vertical thickness of barrier-reefs, from their outer e<lgeh to 
the foundation on which they rest (from A A in the section 
to the dotted lines) is really great; but in this, there Is no 
difficulty, for it is not noce.ssary to suppose fliat the coral has 
sprung up from an iininen.se depth, us will be evident when 
the theory of the upw'ard growth of coral reefs, during the 
slow subsidence of theirVoundtitions, is discussed. 

* Hiave kcMi informed that this is the case by Dr. Allan of Forres, 
hiis \iHitccl this gxoijp. 
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CHAPTER III. 

FRINGING OR SHORE REEFS. 

lieefs of Mauritius — Shnllow chanyiel within the reef — Its slow filling 
up — Currents of water formed within it — Upmised reefs — Narrow 
frwgtng-reefs in deep seas — Jleefs on the coast of E, Africa and of 
IJrazd — Fringing reefs in very shallow seas^ round hanks of sediment 
and on worn-down islands — Fringing reefs affected by currents of the 
sea — Coral coating bottom of the sea^ but not foiming reefs. 

Fringing reefs, or, as they have been called by some voy- 
agers, shore roofs, whether skirting an island or part of a 
continent, might at first l>e thought to differ little, except 
in gcneraJly being of less breadth, from barrier-reefs. As 
far as the superficies of the actual reef is concerned this is 
the case ; but the al)sence of an interior deep-water channel, 
and the close relation in their horizontal extension with the 
jirobablc slope beneath the sea of the adjoining land, present 
essential points of difference. 

The reefs which fringe the island of Mauritius offer a 
good example of this class. They extend round its whole 
circumference, witli the exception of two or three parts, 
where the coast fs almost precipitous, and w^here, if as is 
jirobablc tlie bottom of the sea has a similar inclination, 
the coral would have no foundation on which to become 
attached. A similar fact ma}" soinetintes be observed even in 
reefs of the barrier class, wdiich follow much less closely the 

* This fact is stated on the authority of the Officier du Roi, in his 
extremely interesting ‘'Voyage k Pisle de France ” undertaken in 17(>8. 
Acconling to Capt. Carmichael (HookeFs Bot. Misc, vol. ii. p!3I6.) on 
one part of the coast there is a space for 16 miles without a reef. 

E 2 



52 


frimoino beefs, 


[chap. ih. 

outline of the adjoining land; as, for instance, on the S.E. 
and precipitous side of Tahiti, where the encircling red m 
interrupted. On the western side of the Mauritius, which 
was the only part I visited, the reef generally lies at the dis- 
tance of about half a mile from the shore; but in some parts 
it is distant from one to two, and even three miles- But 
even in this last case, as the coa.st-land is gently inclined 
from the foot of the mountains to the sea-beach, and as the 
soundings outside the reef indicate an cfiually gentle sIojk; 
beneath the water, there is no reason for supposing that the 
basis of the reef, formed by the prolongation of the strata of 
the island, lies at -a greater depth than that, at which the 
polypifers could begin constructing the reef. Some allow- 
ance, however, must be made for the outward extension of 
the corals on a foundation ot sand ami detritus, foiincd from 
their own wear, which would givt* to the reel *i somewhat 
greater vertical thickness, than would otherwise be jiossible. 

The outer edge of the reef on the western or leeward side 
of the island, is tolerably well dcliued, and is a little higher 
than any other part. It chiefly consists ot largis strongly 
branched corals, of the genus Madrei)ora, which also form a 
sloping bed some way out to sea ; the kinds of coral growing 
in this part will be described in the ensuing chapter. Be- 
tween the outer margin and the beach, there is a flat space 
with a sandy bottom and a few tufts of living coral ; in 
some parts it is so shallow, tliat people, by avoiding the 
deeper holes and gullies, can wade across it at low water; in 
other parts it is deeper, seldom however exceeding ten or 
twelve feet, so that it offers a safe coasting Vhannel for boats. 
On the eastern and windward side of the island, which is ex- 
posed to a heavy surf, the reef was descrihed to me as having 
a hard smooth surfact*, very slightly inclined inwards, just 
cove;>-cd at low-water, and traversed by gullies; it .■ip|M?ar8 to 
be finite similar in structure to the reefs of tlie barrier and 
atoll classes. 

The reef of Mauritius, in front of every river and streamlet, 
is breached by a straight passage : at Grand Port, however. 
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there is a channel like that within a barrier-reef: it extends 
parallel to the shore for four miles, and has an average 
depth of 10 or 12 fathoms; its presence may probably be 
accounted for by two rivers which enter at each end of the 
channel, and bend towards each other. The fact of reefs of 
the fringing class being always breached in front of streams, 
even of those which are dry during the greater part of the year, 
will be explained, when the conditions unfavourable to the 
growth of coral are considered. Low coral-islets, like those 
on barricr-rcefs and atolls, are seldom formed on reefs of this 
class, owing apparently in some cases to their narrowness, 
and in others to the gentle slope of the reef outside not 
yielding many fragments to the breakers. On the windward 
side, liowcvcr, of the Mauritius, two or three small islets have 
been formed. 

It appears, as will be shewn in the ensuing chapter, that the 
ivetion of the surf is favourable to the vigorous growth of the 
stronger corals, and that sand or sediment, if agitated by the 
waves, is injurious to them. Hence it is probable that a reef 
on a shelving shore, like that of Mauritius, would at first 
grow up, not attached to the actual beach, but at some little 
distance from it ; and the corals on the outer margin would 
be the most vigorous. A shallow channel would thus be fonned 
within the reef, and as the breakers are prevented acting on 
the shores of the island, and as they do not ordinarily tear up 
many fnigments from the outside, and as every streamlet has 
its bed prolonged in a straight line through the reef, this 
channel could Jbe filled up only very slowly with sediment. 
But a beach of sand and of fragments of the smaller kinds of 
coral seems, in tlie case of Mauritius, to bo slowly encroach- 
ing on the shallow channel. On many shelving and sandy 
coasts, the breakers tend to form a Wiir of sand a little way 
from the beach, with a slight increase of depth within i(^: for 
instance, Capt. Grey* states that the west coiist of Australia, 
ill laL 24^ is fronted by a sand bar, about 200 yards in 
width, on which there is only two feet of water; bmt within 
* Cnpt. Grey's Journal of Two Expeditions, vol. i. p. 369. 
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it the depth increases to two fathoms. Similar bars, more or 
less perfect, occur on other coasts. In these cases I susjHjct 
that the shallow channel (which no doubt during storms is 
occasionally obliterated) is scooped out by tlic flowing away 
of the water thrown beyond the line, on which the waves 
break with the greatest force. At Pernambuco a bar of hard 
sandstone,* which has the same external form and height its 
a coral-reef, extends nearly parallel to the coast ; within 
this bar currents, apparently caused by the water thrown 
over it during the greater part of each tide, run strongly, 
and are wearing away its inner wall, hroin these facts it 
can hardly be doubted, that within most fringing reefs, 
especially within those lying some distance from the land, a 
return stream must carry away the water thrown over the 
outer edge ; and the current thus prudneed, would ti’iid to 
prevent the channel being filled up with sediment, and 
might even deepen it under certain cireiimstanees. To this 
latter belief T am led, by finding that channels are almost 
universally present within the fringing ree fs of those islands, 
which have undergone recent olevatory movements ; and 
this could hardly liave been the cas(\ if llic conversion of 
the very shallow channel iiKo land had not been counteracted 
to a certain extent. 

A fringing reef, if elevated in a perh'ct condition above 
the level of the sea, ought to present the singular appearance 
of a broad dry moat within a low mound. 'I’he authorf of 
an interesting pedestrian tour round the Mauritius, seems to 
have met with a structure of tliis kind: he savs ‘‘j’ observai 
(juc la, ou la mer etalc, indepciidainmcnt dts rescifs dii large, 
il y a a terre line espece d (^ffuKccmnity ou chernin convert na- 
turcl. On y pourrait mottre du canon,” In another place 
he adds, Avaiit do passer le Cap, on remar(|uc un gros 
banc dc corail cleve de plus de (,uinze piods: e’est une 
espece de rcscif, ciuo la mer a abandonne : il regne au pied 

Lend, and Edin. 

Phil. Mag. Oct. 1S4I. 

1 Voyage d I’Isle dc France, par un Ofllcicr du Hoi, Part. i. pp. 192. 200. 
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line longue ilac|ue d’eau> dent on pourrait faire un bassin 
poor de petits vaisseauz.’* But the margin of the reef, 
althougli the highest and most j>erfect part, from being most 
exposed to the surf, would generally during a slow rise of the 
land be cither partially or entirely worn down to that level, 
at which corals could renew their growtli on its upper edge. 
On some parts of the coast-land of Mauritius there are little 
hillocks of coral-rock, which are either the last remnants of a 
continuous reef, or of low islets formed on it I observed 
two such hillocks between Tamarin Bay and the Great Black 
River, they were nearly 20 feet high, about 200 yards from 
the present beach, and about 30 feet above its level. They 
rose abruptly from a smooth surface, strewed with worn frag- 
ments of coral. They consisted in their lower part of hard 
calcareous sandstone, and in their upper of great blocks of 
several species of Astroea and Madrepora, loosely aggre- 
gated : they were divided into irregular beds, dipping sea- 
ward, in one hillock at an angle of 8®, and in the other at 
18^. I suspect that the superficial parts of the reefs, which 
have been upraised together with the islands they fringe, 
have generally been much more modified by the wearing 
action of the sea, than those of Mauritius. 

Many islands* are fringed by reefs quite similar to those of 
Mauritius: but on coasts where the sea deepens very sud- 
denly the reefs are much narrower, and their limited extension 
seems evidently to depend on the high inclination of the 
submarine slope ; — a relation which, as yye have seen, does 
not exist in reefs of the barrier class. The fringing-reefe on 
steep coasts frequently not more than from 50 to 100 
yards in width : they have a nearly smooth, hard, surfece, 

^ I may give Cuba, as another instance ; Mr. Taylor (Loudon’s Mag. 
of Nat. Hist. vol. ix. p. 449.) has describec^a reef several miles in length 
between Gibara and Vjaro, which extends i)arallel to the shore at the 
distance of between half and the third part of a mile, and encloses a 
space of shallow water, with a sandy bottom and tufts of coral. Out- 
side the edge of the reef, which is formed of great branching corals, the 
depth is six and seven fathoms. This coast has been uphtaved at no 
very distant geological period. 
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scarcely uncovered at low-water, and without any interior 
shoal channel, like that within those fringing reefs, whicli.lie 
at a greater distance from the land. The fragments torn u[) 
during gales from the outer margin, are thrown over the reef 
on the shores of the island. I may give as instances, Wateeo, 
where the reef is described by ('ook as being a hundred 
yards wide; and Maiiti and Elizabeth* Islands, where it is 
only 50 yards in width : the sea round these islands is very 
deep. 

Fringing- reefs, like barricr-rcefs, both surround islands, 
and front the shores of continents. In the charts of the eastern 
coast of Africa, by Capt. Owen, many extensive fringing 
reefs are laid down ; — thus, for a space of nearly forty miles, 
from lat. V 15' to 1® 45' S., a reef fringes the shore at 
an average distance of rather more than one mile, ami 
therefore at a greater distaneo than is usual in reel’s of this 
class; but as the coast-land is not loi’ty, and as the bottom 
shoals very gradually (the depth being only from 8 to 14 
fathoms at a mile and a half outside tlie reef) its exten>ion 
thus far from tlie land offers no diflienlty. File ext(‘rnal 
margin of this reef is described, as formed t>f projecting points, 
within which there is a spape, from six to twelve feel deep, 
wdth patches of living coral on it. At Mnkdeesha (lat. 
2"^ 1' N.) the port is formed,’' it is sai(l,t by a long reef 
extending eastward four or five miles, within which there is 
a narrow channel, with ten to twelve feet water at low spring 
tides:” it lies at the distance of a (juartc r of a mile from the 
shore. Again, in die plan of Mombas (lat. 4'' S. ) a reef 
extends for thirty-six miles, at the distance, .of from half a 
mile to one mile and a (juarter from the shore ; within it, 
there is a channel navigable “for canoes and small craft,” 
between six and fifteen^ feet deep: outside tlie reef the 
depth is about 30 fathoms at the distance of nearly half 

* Mjuiii is (Ifscribed by Lord Byron in the vovage dF H.M.S. lihmde, 
and Elizabeth Island by (’apt. Heechey. 

t ()\veu s Africa, V(<1. i. y. from which work the forc;;;(>infj facts 
arc likewise taken, 
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a mile. Part of this reef is very symmetrical, and has a 
uniform breadth of 200 yards. 

The coast of Brazil is in many parts fringed by reefs. 
(Jf these, some are not of coral formation ; for instance 
those near Bahia, and in front of Pernambuco ; but a few 
miles^ south of this latter city, the reef fellows’*^ so closely 
every turn of the shore, that I can hardly doubt it is of 
coral: it runs at the distance of three quarters of a mile 
from the land, and within it the depth is from ten to fifteen 
feet. I was assured by an intelligent pilot, that at Ports 
Frances and Maccio, the outer part of the reef consists 
of living coral, and the inner of a white stone, full of large 
irregular cavities, communicating with the sea. The bottom 
of the sea off the coast of Brazil shoals gradually to between 
30 and 40 fathoms, at Ae distance of between nine and ten 
Icjigues from the land. 

From the description now given, we must conclude, that 
the dimensions and structure of fringing reefs depend entire- 
ly on the greater or less inclination of the submarine slope, 
conjoined with the fact, that reef-building polypifers can 
exist only at limited depths. It follows from this, that where 
the sea is very shallow, as in the Persian Gulf and in parts 
of the East Indian Archipelago, the reefs lose their fringing 
character, and appear as separate and irregularly scattered 
patches, often of considerable area. From the more vigorous 
growth of the coral on the outside, and from the con- 
ditions being less favourable in several respects within, 
such reefs arc generally higher and more perfect in their 
marginal than in their central parts; hence these reefs some- 
times assume, (and this circumstance ought not to be over- 
looked,) the appearance of atolls; but they differ from atolls 
in their central expanse being mu^jh less deep, in their form 
being less defined, and in being based on a shallow founda- 
tion. But when in a deep sea reefs fringe banks of seTliment, 
which have accumulated beneath the surface, round either 

• Sec Baron Roussin's Pilotc du Brasil, and accompanying hydro- 
graphical memoir. 
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islands or submerged rocks, they are distinguished with diffi- 
culty on the one hand from encircling barrier-reefs, and .on 
the other from atolls. In the West Indies there are reets, 
whiclv 1 should probably have arranged under both these 
classes, had not the existence of large and level banks, lying 
a little beneath the surface, ready to serve as the basis for the 
attachment of coral, been occasionally brought into view by 
the entire or partial absence of reefs on them, — and had 
not the formation of such banks, through the accumula- 
tion of sediment now in progress, been sufficiently evident. 
Fringing reefs sometimes coat, and thus protect the founda- 
tions of islands, which have been worn down by the 
surf to the level of the sea. According to Ehrenberg, this 
has been extensively the case with the islands in the Red 
Sea, which formerly ranged paralld to the shores of the 
mainland, with deep water within them r hence the reefs 
now coating their bases, are situated relatiwly to the land 
like barrier-reefs, although not belonging to that class; — !)nt 
tlierc arc, as I believe, in the Red Sea some tnu^ barrii'i*- 
reefs. The reefs of this sea and of the West Indies will Ik* 
described in the Appendix. In some cases frini'in^ reef's 
appear to be considerably mydificd in outline by the course 
of the prevailing currents; Dr. J. Allan informs me that 
on the cast coast of Madagascar almost every headland 
and low point of sand, has a coral-reef extending from 
it in a S.VV. and N.E. line, parallel to the currents on 
that shore. I should think the inihicnee of the currents 
chiefly consisted in causing an e.vtcnsion, in a certain direc- 
tion, of a proper foundation for the attachmt;nt of the coral. 
Hound many intertropical islands, for instance the Ahrolho.s 
on the coast of Brazil surveyed by Capt. J'itzUoy, and, a.s 1 
am informed by Mr. Cuming, round the Philippines, the bot- 
tom of the sea is entirely coated by irr(;gular masses of coral, 
which Jllthough often of large size, do not reach the surface and 
form proper reefs. This must he owing cither to insufficietJt 
growth, or to the absence of those kinds of corals which can 
withstand the breaking of the waves. 
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The ■ three classes, atoll-formed, barrier, and fringing 
rc^fs, together with the modifications just described of the 
latter, include all the most remarkable coral-formations 
anywhere existing. At the commencement of the last 
chapter in the volume, where I detail the principles on 
which tlie map (Plate III.) is coloured, the exceptional cases 
will be enumerated. 
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CHAPTER IV. 

ON THE QROWTII OF CORAL REEFS. 

In this chapter I will give all the facts, which I have collectecl, 
relating to the distribution of coral-reefs, — to the conditions 
favourable to their increase, — to the rate of tlicir growth, — and 
to the depth at which they arc formed. 

These subjects have an important bearing on the theory of 
the origin of the different classes of coral-reefs. 


Section I. 

On the Diatribution of Coral-Reefs^ and on the Conditions favourable to 
their Increase. 

WiTU regard to the limits of datitude, over winch coral reefs 
extend, I have nothing new to add. The llennnda Islands, 
in 32" 15' N. is the point furthest removed from the eciuator, 
in which they ai)pcar to c.\ist ; and it has been sug- 
gested, that their extension so far northward in this 
instance is owing to the warmth of the (lulf stream. In 
the Pacific, the J ..00 (Mioo islands, in lat. 27" N. have reefs 
on their shores, and there is an atoll in 28° 3()',tfituated N. W. 
of the Sandwich Archipelago. In the Ued Sea there arc coral- 
reefs in lat. 30°. In the southern hemisphere coral-reefs 
do not extend so far from tiie equatorial sea. In the Soutli- 
ern Pacific there arc only a few reefs hoyond the line of the 
tropic. But Iloutmans Ahrolhoa on the western shores of 
Australia in lat. 29° S., are of coral-formation. 

The proximity of volcanic land, <jwingtothc lime generally 
evolved from it, hiis been thought to be favourable to the 
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increase of coral-rccfe. There is, however, not much 
foundation for this view ; for no where are coral-reefs 
more extensive than on the shores of New Caledonia, and of 
north-eastern Australia, which consist of primary forma- 
tions ; and in the largest groups of atolls, namely the Mal- 
diva^ Chagos, Marshall, Gilbert, and Low Archipelagoes, there 
is no volcanic or other kind of rock, excepting that formed of 
coral. 

The entire absence of coral reefs in certain large areas 
within the tropical seas, is a remarkable fact. Thus no 
coral-reefs were observed, during the surveying voyages of 
the Beagle and her Tender on the w^est coast of South 
America south of the equator, or round the Galapagos Islands. 
It appears, also, that there arc nonc^ north of the E<iuator; 
Mr. Lloyd, who surveyed the isthmus of Panama, remarked to 
me, that although he had seen corals living in the Bay of 
Panama, yet he had never observed any reefs formed by them, 
f at first attributed this absence of reefs on the coasts of Peru 
and of the Galapagos Islandsf, to the coldness of the currents 
from the south, but the Gulf of Panama is one of the hottest 
pelagic districts in the world.} In the central parts of the 
Pacific there arc islands, entirely free from reefs ; in some 
few of these cases I have thought, that this was owing to re- 
cent volcanic action; but the existence of reefs round the 

* I have been informed that this is the case, by Lieut. Ryder, R.N. 
and others who have liad ample opportunities for observation. 

f The mean temperature of the surface sea from observations made 
l>y the direction of Capt. FitzRoy on the shores of the Galajmgos 
Islands, betwceiyhc KUh of September and the 20lb of October, 1835, 
was 08'=* Fahr. The lowest temperature observed was 58® *5 at the S.W. 
end of Albemarle Island ; and on the west coast of this island, it was 
several times 02° and 03°. The mean temperature of the sea in the 
Low Archipelago of atolls, and near Tahiti, from similar observa- 
tions made on board the BeagU\ was. (although further from the 
equator) 77° *5, the lowest any day being 76® -5. Thcreforc*we have 
here a difference of 9° 5 in mean temperature, and 18° in extremes ; a 
difference doubtless quite sufficient to affect the distribution of organic 
beings in the two areas. 

t Humboldt’s Personal Narrative, vol. vii. p. 434. 
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greater part of Hawaii, one of the Sandwich Islands, shows 
that recent volcanic action does not necessarily prevent their 
growth. 

In the last chapter I stated that the bottom of the sea round 
some islands is thickly coated with living corals, which never- 
tlieless do not form reefs, either from insufficient growth, or 
from the species not being adapted to contend with the 
breaking waves. 

I have been assured by several people, that there arc no 
coral-reefs on the west coiist of Africa*, or round the islands 
in the Gulf of Guinea. This perhaps may he attributed, in 
part, to the sediment brought down by the many rivei's 
debouching on that coa.st, and to the extensive mud-hanks, 
which line great part of it. But the islands of St. Helena, 
Ascension, the Cape Verdes, St. Pauls, and I'ernando No- 
ronha, are, also, entirely without reef'^, although they lie far 
out at sea, arc composed of the same ancicnPvoIcanic rocks, 
and have the same general form, with those i.slands in the 
Pacific, the shores of which are surrounded by gigantic walls 
of coral-rock. With the exception of Bermuda, there, is not 
a single coral reef in tlie central expanse of the Atlantic 
ocean. It will, perhaps, he miggested, lliat the f|nantity of 
carbonate of lime in ditlercnt parts the st a, may regtdate 
the presence of reefs. ]?nt this eannta he case, for at 
Ascension, the waves charged to excess precipitate a thick 
layer of calcareous matter on the tidal rocks; and at St. 
Jago, in the (hipc Verdes, carbonate of lime, not only is 
abundant on the shores, but it forms the chief part of some 
upraised post-tertiary strata. The apparerNly cajiricious 
distribution, therefore, of coral-reefs, cannot be cxiilaincd by 
any of these olivions canse.s : but, ns the study of the terres- 

♦ It might he concluded, frorp a paper by (\apL f )wen (Geograph. Jour 
vol. ii. p.«9.) tliat the roofs ofT CajK; St. Anne and tin* Sherhoro' Islands 
were of coral, although the author states that thi^y are not purely cor- 
rallinc. But I have been assured by Lieut. Holland, H.N, that these 
reefs arc not M coral, or at least that they do not at all resemble those 
in the West Indies. 
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trial and better known half of the world, must convince every 
one that no station capable of supporting life b lost,— nay 
more, that there is a struggle for each station, between the 
different orders of nature, — we may conclude that in those 
parts of the intcrtropical sea, in which there arc no coral- 
reefsf there are other organic bodies, supplying the place of 
the reef-building polypifcrs. It has been shown in the 
chapter on Keeling atoll that there are some species of large 
fish, and the whole tribe of Ilolothuriee which prey on the 
tenderer parts of the corals. On the other hand, the polypi- 
fers in their turn must prey on some other organic beings; 
the dccreiise of which from any cause, would cause a pro- 
portionate destruction of the living coral. The relations, 
therefore, whicli determine the formation of reefs on any 
shore, by the vigorous growth of the efficient kinds of coral, 
must be very complex, and with our imperfect knowledge 
(piitc inexplicable. From these considerations, w’c may infer 
that changes in the condition of the sea, not obvious to our 
senses, might destroy all the coral-reefs in one area, and cause 
them tf> appear in another : thus, the Pacific or Indian ocean 
might become as barren of coral-reefs ns the Atlantic now is, 
without our being able to assign* any adeejuate cause for such 
a change. 

It has been a question with some naturalists, which part of 
a reef is most favourable to the growth of coral. The great 
mounds of living Porites and of Millepora round Keeling atoll 
occur exclusively on the extreme verge of the reef, which is 
wa.shed by a constant succession of breakers ; and living coral 
no where else forms solid masses. At the Marshall islands 
the larger kinds of coral (chiefly species of Astreea, a genus 
closely allied to Porites) wdiich form rocks measuring 
several fathoms in thickness,” prefet, according to Charaisso*, 
the most violent surf. • I have stated that the outer margin of 
the Maldiva atolls consists of living corals (some of which, if 
not all, arc of the same species with those at Keeling atoll), 
and here the surf is so tremendous, that even largoships have 
• Kotzebue's First Voyage, (Eng. Transl.), voh iii. pp. 142 , 143 . 331 . 
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been thrown, by a single heave of tlic sea, liigh anil ilry on 
the reef, all on board thus escaping with their lives. 

Ehrenberg^ remarks, tliat in the Red Sea the strongest 
corals live on the outer reefs, and apjH'ar to love tlie surf ; 
he adds, that the more branched kinds abound a little way 
within, but that even these in still more protected jJaces, 
become smaller. Many other facts having a similar tendency 
might be adduced.t It Inis, however, been doubted by MM. 
Quoy and Gaimard, whether any kind of coral can even 
withstand, much less flourish in, the breakers of an open 
seaj : they affirm that the saxigenous lithophytes flourish 
only where the water is lran([nil, and the lieal intense. This 
statement has pixsscd from one geological work to anothei ; 
nevertheless, the jirotcction of the whole re(‘f nndoul>ledlv is 
due to those kinds of coral, which cannot exist in the situa- 


tions thought by those naturalists to be most favourable to tliein. 
For should the outer and living margin perish, ot* any one 
of the many low coral-islands, round which a line of great 
breakers is incessantly foaunng, the whole, it is scarcely pos- 
sible to doubt, would be washed away and destroyed,* in less 
than half a century. J^ut the vital energies of the corals 
conijuer the mechanical po\ver of the waves; and the large 
fragments of reef torn up by every storm, are rcplaceil by 
the slow but steady growth of the innumerable palypifers, 
which form the living zone on its outer edge*. 

1 rom these facts, it is certain, that the strongest tiiul most 
massive corals flourish, where most exposed. Thv h>ss perfect 
state of the reef of most atolls on the leeward and h-ss exposed 
side, compared with ita slate to windward; aui ti,o analogous 


• hhrenberg, libcr die Niitur und nildung (kr Condkn Hiinkc im 
rot lien Mccre, p. 49. 

+ In the West Indies, as I %m informed by Din! Allen K N 

'r c“. ■" 

Tf the s'r " 


t Annalcs dcs Sciences Xatnrellos, torn, vi nn 17 R 0 "w t< t ’ • < 



SECT. I.] I.OOSB SEDIMENT INJURIOUS TO CORALS. 65 

case of the greater number of breaches on the near sides of 
those atolls in the Maldiva Archipelago, which afford some 
protection to each other, are obviously explained by this cir- 
cumstance. If the question hail been, under what conditions 
the greater number of species of coral, not regarding their 
bulk, and strength, were developed, I should answer, — pro- 
bably ill the situations described by MM. Quoy and Gaimai*d, 
where the water is tranquil and the heat intense. The total 
number of species of coral in the circumtropical seas must be 
very great: in the Red Sea alone, 120 kinds, according to 
Ehrenbcrg,* have been observed. 

Tlie same author has observed that the recoil of the sea 
from a steep shore is injurious to the growth of coral, 
although waves breaking over a bank are not so. Ehrenberg 
also states, that where there is much sediment, placed so as 
to be liable to be moved by the waves, there is little or no 
coral ; and a cotlection of living specimens placed by him on 
a sandy shore died in the course of a few days, f An 
experiment, however, will presently be related, in which 
some Ivg^‘ masses of living coral increased rapidly in size,^ 
after having been secured by stakes on a sand-bank. That 
loose sediment should be injurious to the living j>olypifers, 
apj>ears, at first sight, probable ; and accordingly, in sounding 
oft' Keeling atoll, and (as will hereafter be shown) off Mau- 
ritius, the arming of the lead invariably came up clean, where 
the coral was growing vigorously. This same circumstance has 
probably given rise to a strange belief, w^hich, according to 
Capt. ()\vcn,J is general amongst the inhabitants of the Mal- 
diva atolls, namely, that corals have roots, and therefore that 
if merely broken down to the surface, they grow up again ; 
but, if rooted out, they are permanently destroyed. By 
this means, the inhabitants keep their baiboui*s clear; and 
thus the French Governor of St. Mary’s, in Madagascar, 

♦ Ehrenberg iiber die Nntur, p. 46. 

t Ibid. p. 49. 

J Capt. Owen on the Geography of the Maldiva Islands^ Geograph. 
Journal, vol. ii. p. B8. 
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“ cleared out and made a beautiful little port at that place." 
I'or it is probable that sand would accunmlate in the holloAvs 
formed by tearing out the corals, but not on the broken 
and projecting stumps, and therefore, in the former case, the 
fresh gix)wth of the coral might be thus prevented. 

In the last chapter 1 remarked, that fringing reefg arc 
almost universally breached, where streams enter the sea.* 
Most authors have attributed this fact to the injurious efi’ects 
of the fresh water, even where it enters the sea only in 
small quantity, and during a part of tlie yoiu. No doubt 
brackish water would prevent or retard the growth of coral ; 
but I believe that the mud and sand, wliieh is dej)o>iled, even 
by rivulets when flooded, is a much more eflicient check. 
The reef, on each side of the channel leading into Port Louis 
at Mauritius, ends abruptly in a w.all, at the foot of which I 
sounded, and found a bed of thick mud. Thi.s steepnc.s.s of 
the sides appears to be a general char.'U’tcr iif such bieache.-.: 
Cook,t speaking of one at Uaiatea, sivs. “ like all the rest, it 
is very steep on both sides.” Now, if it were the fresh water 
mingling with the salt, wliieh jirevented the growth of 
coral, the reef certaiidy would not terminate iihrujilly ; 
hut as the polypifors nearest tlu' impure stream would grow 
less vigorously than those farther off, so would the reef gra- 
dually thin away. On the other hand, the sediment brought 
down from the land would only jirevcnt the growtli of the 
coral in the line of its depo.sition, but would not check it on 
the side, so that the reefs might inercast' till they overhung 
the hed of the chuiuiel. Fhe* breaches are much fewer in 
number, and front only tlie larger valleys in reefs of the 
encircling barrier class. 'I’hey probably are kept opn in the 


‘ I.ii'ut. W rll.sitad and oilinrs remarked that this is the case in 
the Hed Sea: Dr. Uuppell (Hi4se.in Abyss. B;md.i.p. U2) says that there 
an- pear-shaped harbours in the upraLsed eoral-«.,a.si, into whicli iKTiodical 
streams enter. From this circnm.stance, t presume, we must infer tlmt 
J '‘f'luaval of Uic slrau now forming the coast-latuf, fresh 
entered (1„. *oa «t these ,K)inf8 , ond the coral 
being thm {frevented growing, the pear-sl.npd ImrI.oars were produced, 
t Cook s ftrst Voyage, vol. ii. p.'i?!. -(Hawkesworth’* Edit.) 
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same manner, as those into the lagoon of an atoll, namely, by 
the force of the currents and the drifting outwards of fine 
sediment. Their position in front of valleys, although 
often separated from the land by deej)-water lagoon-channels, 
which it might be thought would entirely remove the inju- 
rious effects both of the fresh water and the sediment, will 
receive a simple explanation when we discuss the origin of 
barrier-reefs. 

In the vegetable kingdom every different station has its 
peculiar group of plants, and similar relations appear to pre- 
vail with corals. We have already described the great dif- 
ference between the corals within the lagoon of an atoll and 
those on its outer margin. The corals, also, on the margin 
of Keeling Island occurred in zones: thus the Porites and 
Millepora complanata grow to a large size, only where they arc 
washed by a heavy sea, and arc killed by a short exposure to 
the air; whereat, three species of Nullipora also live amidst 
the breakers, but are able to survive uncovered for a part of 
each tide ; at greater depths, a strong Madrepora and Milh- 
para alcicornis arc the commonest kinds; the formcrappearing 
to Ik? confined to this part: beneath the zone of massive 
corals, minute encrusting coralliRes and other oi^anic bodies 
live. If we compare the external margin of the reef at Keel- 
ing atoll with that on the leeward side of Mauritius, w^hich 
arc very differently circumstanced, we shall find a correspond- 
ing difference in the appearance of the corals. At the latter 
place, the genus Madrepora is preponderant over every other 
kind; and beneath the zone of massive corals, there are large 
beds of Seriatoppra, There is also a marked difference, ac- 
cording to Captain Moresby,* between the great branching 
corals of the Red Sea, and those on the reefs of the Maldiva 
atolls. 

These facts, which in themselves are deserving of notice, 
bear, perhaps, not very remotely on a remarkable circum- 
stance which has been pointed out to me by Capt. Moresby, 

Capt, Moresby on the Northern Maldiva Atolls, Geogi^ph. Journ. 
vol. V. J), 401 . 

K 2 
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namely, that, with very few exceptions, none of tlie coral- 
knolls within the lagoons of Peros Banhos, Diego Garcia and 
the Great Chagos Bank, (all situated in the Chagos group,) 
rise to the surface of the water; whereas all those, with equally 
few exceptions, within Solomon and Egmont atolls in the 
same group, and likewise within the hwgc southern Mftldiva 
atolls, reach the surface. I make these statements, after 
having examined the charts of each atoll. In the lagoon 
of Peros Banhos, which is nearly twenty miles acro.ss, there 
is only one single reef which rises to the surface : in Diego 
Garcia there arc seven, but several of these lie close to the 
mai^in of the lagoon, and need scarcely have been reckoned : 
in the great Chj^jos Bank there is not one. On the other 
hand, in the lagoons of some of the great southern Maldivn 
atolls, although thickly studded with reefs, every one 
without exception, rises to the surface ; and on an average 
there are less than two submerged reefs in (Vh atoll : in the 
northern atolls, however, the submerged lagoon-reefs are 
not quite so rare. The submerged reefs irj the (Miagos 
atolls generally have from one to .seven fathoms \>atcr on 
them, but some have from seven to ten. Most of them 
are small, with very steep sides:* at Peros Banhos they rise 
from a depth of about thirty fathoms, and some of them in 
the Great Chagos Bank from above forty fathoms: they are 
covered, Capt. Moresby informs me, with living and healthy 
coral, two and three feet high, consisting of several species. 
Why then have not tliese lagoon-reefs reached the surface, like 
the innumerable ones in the atolls above named ? If we attempt 
to assign any difference in their external oonditions, as the 
cause of this diversity, we are at once baffled: the lagoon of 
Diego Garcia is not deep, and is almost wholly surrounded 
by its reef; Peros Banhos is very deep, much larger, with 
many wide pa.ssages communicating with the open sea. On 
the other hand, of those atolls, in which all, or nearly all 

• Some of these statements wore not communicated to me verbally 
by Capt. Moresby, but are taken from the MS. account, before al- 
ludccl to, of the Chagos Group. ^ 
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the lagoon-rcefs have reached the surface, some are small, 
others large, some shallow, others deep, some well enclosed, 
and others open. 

Capt. Moresby informs me that he has seen a French chart 
of Diego Garcia made eighty years before his survey, and 
apparently very accurate ; and from it he infers, that during 
this interval there has not been the smallest change in 
the depth on any of the knolls within the lagoon. It is, 
also, known that during the last fifty-one ycan^ the eastern 
channel into the lagoon, has neither become narrower, nor 
decreased in depth ; and as there are numerous small knolls 
of living coral within it, some change might have been 
anticipated. Moreover, as the whole reef round the lagoon 
of this atoll has been converted into land — an unparalleled 
case, I believe, in an atoll of such large size, — and as the 
strip of land Is for considerable spaces more than half a mile 
wide — also a very unusual circumstance, — we have the best 
})ossiljlc evidence, that Diego Garcia has remained at its 
present level for a very long period. With this fact, and 
with the knowledge, that no sensible change has taken place 
during eighty years in the coral knolls, and considering that 
every single reef has reached .the surface in other atolls, 
which do not present the smallest appearance of being older 
than Diego Garcia and Peros Banhos, and which are placed 
under the same external conditions with them, one is led to 
conclude that these submerged reefs, although covered with 
luxuriant coral, have no tendency to grow^ upwards, and 
that they w ould remain at their present levels for an almost 
indefinite perio^d. 

From the number of these knolls, from their position, size, 
and form, — many of them being only one or two hundred 
yards across, with a rounded outlincj, and precipitous sides, — 
it is indisputable that they have been formed by the growth 
of coral ; and this makes the case much more remarkabte. In 
Peros Banhos and in the Great Chagos hank, some of these 
almost columnar masses are 200 feet high, and their summits 
lie only from tw^o to eight fathoms beneath the surface ; there- 
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fore, a small proportional amount more of growth would cause 
them to attain the surface, like those numerous knolls, \Yhich 
rise from an equally great depth within the Maldiva atolls. 
We can hardly suppose that time has been wanting for the 
upward growth of the coral, whilst in Diego Garcia, the broad 
annular strip of land, formed by the continued accumulation 
of detritus, shows how long this atoll has remained at its 
present level. We must look to some other cause than the 
rale of growth ; and I suspect it will he found in the reefs 
being formed of different species of corals, adapted to live at 
different depths. 

The Great Chagos bank is situated in the centre of the 
Chagos group, and the Pitt and Speaker banks at its two 
extreme points. These banks resemble atolls, except in their 
external rim being about eight fathoms submerged, and in 
being formed of dead rock, with very little living coral on it : 
a portion nine miles long of the annular reef of Peros Banlios 
atoll is in the same condition. These facts, as will here.aftcr 
be shown, render it very probable that the whole group at 
some former period subsided seven or eight fathoiys ; and 
that the coral perished on the outer margin oi’ those atolls 
which are now submerged, but that it continued alive, and 
grew up to the surface on those which are now perfect. 
If these atolls did subside, and if from the smUlenness of the 
movement orfrom any other cause, tliosc corals which are better 
adapted to live at a certain d(‘pth tlian at the surface, once got 
possession of the knolls, supplanting the fonner occiipatits, 
they would exert little or no tendency to grow upwards. 
To illustrate this, I may observe, that if the corals of the 
upper zone on the outer edge of Keeling atoll were to 
perish, it is improbable that tliosc of the lower zone would 
grow to the surface, and thus become exposed to con- 
ditions for which they do not a})^)car to be adapted. 
Thc^ conjecture, that the corals on tlie submerged knolls 
within tlie Chagos atolls have analogous habits with those 
of the lovycr zone outside Keeling atoll, receives some sup- 
port from a remark liy Captain Moresliv, namely, that thev 
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have a different appearance from those on the reefs in the 
Maldiva atolls, which, as we have seen, all rise to the surface : 
he compares the kind of difference to that of the vegetation 
under different climates. I have entered at considerable 
length into this case, although unable to throw much light on 
it, in order to show that an equal tendency to upward growth 
ouglit not to be attributed to coral-reefe, — to those situated 
at different depths, — to those forming the ring of an atoll or 
those on the knolls within a lagoon, — to those in one area 
and those in another. The inference, therefore, that one reef 
could not grow up to the surface within a given time, because 
another, not known to be covered with the same species of 
corals, and not known to be placed under conditions exactly 
the same, has not within the same time reached tVie surface, 
is unsound. 


SECTION SECOND. 

On tha Rate of Grotrth of Coral-reefs, 

The remark made at the close of the last section, naturally 
leads to this division of our subject, which has not, I think, 
hitherto been considered under a right point of view. Eh- 
renberg* has stated, that in the Red Sea, the corals only coat 
other rocks in a layer from one to two feet in thickness, or 
at most to a fathom and a half; and he disbelieves that, in 
any case, they form, by their own proper growth, great masses, 
stratum over stratum. A nearly similar observation has been 
made by MM. Quoy and Gaimard,t with respect to the thick- 
ness of some upraised beds of coral, which they examined at 
Timor and some other places. Ehrenberg} saw certain large 
massive corals in the Red Sea, which he imagines to be of 
such vast antiquity, that they might have been beheld by 
IMiaraoh ; and according to Mr, Lyell§ there are certain corals 

♦ Ehrenberg, as before cited, pp. 39, 40, and 50. 
t Anuales des Sciences, Nat. tom. vi. p. 28. 
t Khrcnbcrg, ut sup. p. 42. 

§ Lyell’s Vrinciplcs of Cieology, Book iii. ch. xviii. 
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at Bermuda, which are known by tradition, to have been 
living for centuries* To show how slowly coral-reefs grow 
upwards, Captain Beechey’*^ hus adduced the case of the 
Dolphin Reef off Tahiti, which has remained at the same 
depth beneath the surface, namely, about two fathoms and a 
half, for a period of sixty-seven years* There are reefs in 
the Red Sea, which certainly do not appear! to have increased 
in dimensions during the last half century, and from the 
comparison of old charts with recent surveys, probably not 
during the last two hundred years* These, and other similar 
facts, have so strongly impressed many with the belief of the 
extreme slowness of the growth of corals, that they have even 
doubted the possibility of islands in the great oceans having 
been formed by their agency. Others Jigain, who have not 
been overwhelmed by this difficulty, have admitted that it 
would require thousands, and tens of thousands of years, to 
form a mass even of inconsiderable thickness : but the sub- 
ject has not, I believe, been viewed in the proper light. 

That masses of considerable thickness have been formed 
by the growth of coral, may be inferred with certainty from 
the following facts. In the deep lagoons of Peros Banhos 
and of the Great ('hagos bank, there are, as already described, 
small steep-sided knolls covered with living coral. There 
arc similar knolls in the southern Maldiva atolls, some of 
which, as Captain Moresby assures me, arc less than a hun- 
dred yards in dianicter, and rise to the surface from a depth 
of between 250 and 3(K) feet. Considering their number, 
form and position, it would be preposterous to suppose that 
llioy are based on pinnacles of any rock, not yf coral forma- 
tion; or that sediment could have been heaped up into such 
small and steep isolated cones. As no kind of living coral 
grows above the height qf a few feet, we arc compelled to 
suppose that these knolls have been forqicd by the successive 
giowth and death of many individuals, — first one being 
broken off or killed by some accident, and then another, and 

Beechey s \ oyage lo the* Paeifir, ch. viii. 
t Ehrenbf'ig, vit sup. p. 43. 
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one set of species being replaced by another set •with different 
habits, as the reef rose nearer the surface, or as other changes 
supervened. The spaces between the corals would become 
filled up with fragments and sand, and such matter would 
probably soon be consolidated, for we learn from Lieut. 
Nelson,* that at Bermuda a process of this kind takes place 
beneath water, without the aid of evaporation. In reefe, also, 
of the barrier class, we may feel sure, as I have shown, that 
masses of great thickness have been formed by the growth 
of coral : in the case of Vanikoro, judging only from the 
depth of the moat between the land and the reef, the 
wall of coral-rock must be at least 300 feet in vertical 
thickness. 

It is unfortunate that the upraised coral islands in the 
Pacific have not been examined by a geologist. The cliffs 
of Elizabeth Island, in the Low Archipelago, arc eighty feet 
high, and appear from Captain Beechey’s description, to con- 
sist of a homogeneous coral rock. From the isolated position 
of this island we may safely infer that it is an upraised atoll, 
and therefore that it has been formed by masses of coral, 
grown together; Savage Island seems, from the description 
of the younger Forster, f to have a similar structure, and 
its shores are about forty feet high : some of the Cook Is- 
lands also appear^ to be similarly composed. Capt Belcher, 
R.N. in a letter, which Capt. Beaufort showed me at the 
Admiralty, speaking of Bow atoll, says, I have succeeded 
in boring forty-five feet through coral-sand, when the auger 
became jammed by the falling in of the surrounding creamy 
matter.” On ^one of the Maldiva atolls, Capt Moresby 
bored to a depth of twenty-six feet, when his auger also 
broke ; he has had the kindness to give me the matter brought 
up ; it is perfectly white, and like fijiely triturated coral-rock. 

In my description , of Keeling atoll, I have given some 
facts, which show that the reef probably has grow^x out- 

* Geological Transactions, vol. v. p. 113, 

t Forster’s Voyage round the World with Cook, vol. ii. yp. 163, 167. 

t Williams* Narrative of Missionary Euterprizc, p. 30. 
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wards ; and I found, just within the outer margin, the great 
mounds of Pontes and of Millepora, with their sumiuits 
lately killed, and their sides subsequently thickened by 
the growth of the coral: a layer, also, of Nuirqxjra had 
already coated the dead surface. As the external slope of the 
reef, is the same round the whole of this atoll, and round 
many other atolls, the angle of inclination must result from 
an adaption between the growing powers of the coral, and the 
force of the breakers, and their action on the loose sediment. 
The reef, therefore, could not increase outwards, without a 
nearly equal addition to every part of the slope, so that the 
original inclination might be preserved, and this would re- 
quire a large amount of sediment, all derived from the wear 
of corals and shells, to be added to the lower part. Moreover, 
at Keeling atoll, and probably in many other cjises, the dif- 
ferent kinds of corals would have to eneroaeh on each other ; 
tlius the Nulliporm cannot increase outwards without en- 
croaching on the Porites and Millrpora comjdanatay a.s is now 
taking place; nor these latter without eucroaching ou the 
strongly branched Madrepora, the J/Z/Ayem (ilciconih^ and 
some Astneas; nor these again without a foundation being 
formed for them witliin the J'C(^ui^ile depth, Ia* the accunm- 
lalion of sediment. How slow, tlic.n, must be the ordinary 
lateral or outward growth of such reefs. Hut off Christmas 
atoll, where the sea is much more shallow than is usual, 
wc have good reason to believe that, within a periwl not very 
remote, the reef has increased considerably in width. TIjc 
land has tlic extraordinary breadth of three miles; it c()nsist.s 
of parallel ridges of shells and broken coralsy which furnish 
"'ail incontestable proof,” as observed by Cook,* “that the 
island has been produced by accessions from the sea, and is 
in a state of increase.” ^ The land is fronted by a coral- 
reef, and from the manner in which islets are known to \)C 
ionned, wc may feel confident that the reef was not three 
miles wide, when the first, or most backward ridge, was 

( ook s Tliii'd Voyage, Hook ili. cl». x. 
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thrown up ; and, therefore, we must conclude that the reef 
has grown outwards during the accumulation of the successive 
ridges. Here then, a wall of coral-rock of very considerable 
breadth has been formed by the outward growth of the 
living margin, within a period, during which ridges of sheik 
and corals, lying on the bare surface, have not decayed. 
There can be little doubt, from the account given by Capt 
Beechey, that Matilda atoll, in the Low Archipelago, has 
been converted in the space of thirty-four years, from being, 
as described by the crew of a wrecked whaling vessel, a reef 
of rocks,” into a lagoon island, fourteen miles in length, 
witli one of its sides covered nearly the whole way with 
high trees.”* The islets, also, on Keeling atoll, it has been 
shown, have increased in length, and since the construction 
of an old chart, several of them have become united into one 
long islet: but in this case, and in that of Matilda atoll, we 
have no proof,* and can only infer as probable, that the reef, 
that is the foundation of the islets, has increased as well as 
the islets themselves. 

After these considerations, I attach little importance, as 
indicating the ordinary and still less the possible rate of outward 
growth of coral-reefs, to the fact that certain reefs in the 
Ked Sea have not increased during a long interval of time; 
or to other such cases, as that of Ouluthy atoll in the Caro- 
line group, where every islet, described a hundred years be- 
fore by Cantova, was found in the same state by Lutk^,t — 
without it could be shown that, in these cases, the conditions 
were favourable to the vigorous and unopposed growth of 
the corals Hvipg in the different zones of depth, and that a 
proper basis for the extension of the reef was present The 
former conditions must depend on many contingencies, and 
in the deep oceans where coral ^formations most abound, 

* Beechey’s Voyage to the Pacific, ch. vii. and viii. 

t F. Lutk^'s Voyage autour du monde. In the group Elato, how- 
ever, it appears that what is now the islet Falipi, is called in Cantova’s 
Chart, the Banc dc Falipi, It is not stated whether tjiis has been 
caused by the growth of coral, or by the accumulation of sand. 
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a basis within the requisite depth can rarely he pre- 
sent* 

Nor do I attach any importance to the fact of certain 
submerged reefs, as those off' Tahiti or those within Diego 
Garcia, not now being nearer the surface than they were 
many years ago, as an indication of the rate under favourable 
circumstances of the upward growth of reefs; after it luis Lcen 
shown, that all the reefs have grown to the surface in some of 
the Chagos atolls, but that in neighbouring atolls, which appear 
to be of equal antiquity and to be exposed to the same ex- 
ternal conditions, every reef remains submerged ; for we arc 
almost driven to attribute this to a difference, not in the nitc 
of growth, but in the habits of the corals in the two ciises. 

In an old-standing reef, the corals, which are so different 
in kind on different parts of it, are probably all adapted to 
the stations they occupy, and hold their [)laces, like other 
organic beings, by a struggle one with another, and with ex- 
ternal nature ; hence we may infer that their growth would 
generally be slow', except under peculiarly favourable cir- 
cumstances. Almost the only natural condition, allowing a 
([uick upw'ard growtli of die whole surface' of a roof* would 
be a slow subsidence of the, area in which it stood ; — if, for 
instance, Keeling atoll were to subside two or three feet, can 
we doubt that the projecting margin of live (oral, about half 
an inch in thickiu'ss, w'hich surrounds the dead upper surfaces 
of the mounds of Porites, would in this case form a concentric 
layer over them, and the reef thus increa-e upwards, instead 
of, as at present, outwards? Ilie Nulliporiv are now en- 
croaching on the Porites and Millcpora, hyt in this case 
might we not confidently expect that the latter would, in 
their turn, encroach on the Nulliporm? After a subsidence 
of this kind, the sea would gain on the islets, and the great 
fields of dead but upright corals in die lagoon, would Ik' 
covered by a sheet of clear water; and might we not then 
expect that these reefs would rise to tlie surface, as they 
anciently did when the lagoon was less confined 'by islets, 
and as they did withia a period often years i» the schooner- 
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channel, cut by the inhabitants. In one of the Maldiva 
atolls, a reef, which within a very few years existed as an 
islet bearing cocoa-nut trees, was found by Lieut. Prentice 
entirely covered with live coral and Madrepore*^ The natives 
believe that the islet was washed away by a change in the 
currents, but if, instead of this, it had quietly subsided, 
surely every part of the island which ofiered a solid foun- 
dation, would in a like manner have become coated with 
living coral. 

Through steps such as these, any thickness of rock, com- 
posed of a singular intermixture of various kinds of corals, 
shells, and calcareous sediment, might be formed ; but with- 
out subsidence, the thickness would necessarily be determined 
by the depth at which the reef-building polypifers can exist. 
If it be asked, at what rate in years I suppose a reef of coral 
favourably circumstanced could grow up from a given depth ; 
1 should answtn*, that we have no precise evidence on this 
point, and comparatively little concern wdth it. We see, in 
innumerable points over wide areas, that the rate has been 
sufficient, either to bring up the reefs from various depths to 
the surface, or, as is more probable, to keep them at the sur- 
face, during progressive subsidences; and this is a much more 
important standard of comparison than any cycle of years. 

It may, however, be inferred from the following facts, that 
the rate in years under favourable circumstances would be 
very far from slow. Dr. Allan of Forres has, in his MS. 
Thesis deposited in the library of the Edinburgh University, 
(extracts from which I owe to tlie kindness of Dr. Malcohn- 
son,) the following account of some experiments, which he 
tried during his travels in the years 1830 to 1832 on the East 
Coast of Madagascar. To ascertain the rise and progress of 
the coral family, and fix the niynber of s{>ecies met with 
at Foul Point (Lat, 17° 40') twenty species of coral were 
taken off the reef and planted apart on a sand-bank three 
feet deep at low water. Each portion weighed ten pounds, and 
was kept in its place by stakes. Similar quantities were 
placed in a clump and secured as the rest. This was done in 
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December 1830. In July following, each detached mass was 
nearly level with the sea at low water, quite immoveable, and 
several feet long, stretching, as the parent reef, with tlie coast 
current from north to south. The masses accumulated in a 
clump were found equally increased, but some of the species 
in such unequal ratios, as to be growing over each other.’’ 
The loss of Dr. Allan’s magnificent collection by shipwreck, 
unfortunately prevents its being known to what genera these 
corals belonged ; but from the numbers experimented on, it 
is certain that all the more conspicuous kinds must have been 
included. Dr. Allan informs me, in a letter, that he believes 
it was a Madrepora, which grew most vigorously. One may be 
permitted to suspect that the level of the sea might possibly 
have been somewhat different at the two slated periods ; 
nevertheless, it is quite evident that the growth of the leu- 
pound masses, during the six or seven months, at the end 
of which they were found immoveably fixeJ'^ arul several 
feel in length, must have been very great. The fact of the 
different kinds of coral, when placed in one clump, having 
increased in extremely unequal ratios, is very interesting, as 
it show's the manner in which a reef, suj)porling many species 
of coral, w'ould probably be affected by a change in the ex- 
ternal conditions favouring one kind more than another. The 
growth of the masses of coral in N. and S. lines parallel 
to the prevailing ciUTents, whether due to the tiiiftirjg of 
sediment or to the simple movement of the water, is, also, a 
very interesting circumstance. 

A fact, communicated to me by 1/k‘uI. Wellstcad, LN., in 
some degree corroborates the result of Dr. Allan’s experiments : 
it is, tliat in the Persian Gulf a sliip had lier copper bottom 
encrusted in the course of twenty months with a layer of 
coral, two frt in thickness, which it reejuired great force to 
remove, when the vessel w'as docked : it was not tiscertoined 

* It is stated by Mr. Dc la Bcchc (Geological Manna), p. M.'J.) on the 
authority of Mr. Lloyd, who surveyed the Isthinus of Panama, that 
some specimens of Polypifers, placed by him in a sludtered pool of 
water, w ere found in the course of a few days firmly fixed by the secre- 
tion of a stony matter, to tlic bottom. 
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to what order tliis coral belonged. The case of the schooner- 
channel, choked up with coral in an interval of less than ten 
years, in tlie lagoon of Keeling atoll, should be here borne in 
mind. We may also infer, from the trouble which the in- 
habitants of the Maldiva atolls take to root out, as they ex- 
press it, the coral knolls from their harbours, that their 
growlh can hardly be very slow.* 

From the facts given in this section, it may be concluded, 
first, that considerable thicknesses of rock have certainly 
been formed within the present geological aera by the growth 
of coral and the accumulation of its detritus ; and, secondly, 
that the increase of individual corals and of reefs, both out 
wards or horizontally and upwards or vertically, under the 
peculiar conditions favourable to such increase, is not slow, 
when referred cither to the standard of the average oscil- 
lations of level in the earth’s crust, or to the more precise 
but less iinporUifit one of a cycle of years. 

* Mr. Stuchbiiry (West of England Journal, No. I. p. 50.) has de- 
scribed a specimen of Agaricia, “ weighing 2 Ibs.O oz. which surrounds 
a si>ecics of oyster, whose age could not be more than two years, and 
yet is completely enveloi>cd by this dense coral.*^ I presume that the 
oyster was living when the specimen was procured ; otherwise the 
fart (ells nothing. Mr, Stuchbury also mentions an anchor, which 
had become entirely encrusted with coral in fifty years ; other cases, 
however, arc recorded of anchoi*s which have long remained amidst 
coral reefs w ithout having become coated. The anchor of the Beagle, 
in 1832, after having been down exactly one month at Rio de Janeiro, 
was so thickly coated by two species of Tubularia, that large spaces 
of the iron were entirely concealed ; the tufts of this homy zoophyte 
were between two and three inches in length. It has been attempted 
to compute, but I 4)elicve erroneously, the rate of growth of a reef, from 
the fact mentioned by Capt. Beechey of the Chama giga^ being em- 
bedded in coral rock. But it should be remembered, that some 
species of this genus invariably live, both whilst yonng and old, in 
cavities, which the animal has the pWer of enlarging with its 
growth. I saw many of these shells thus embedded in the outer ^ flat' 
of Keeling atoll, which is composed of dead rock; and therelbre the 
cavities in this case had no relation whatever with the growth of coral. 
M. Lesson, also, s[>eaking of this shell (Partie Zoolog. Voyage de la 
C^oquille) has remarked, que constamment ses valves ^talent cngagC*s 
compli^temcnt dans la masse dcs Madrepores.’* 
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SECTION THIRD. 

On the Depths at which Reef-building Polypifers 

I HAVE already described in detail, which might have ap- 
peared trivial, the nature of the bottom of the sea immedi- 
ately surrounding Keeling atoll ; and I will now describe with 
almost ecpml care the soundings off the fringing reefs of Mau- 
ritius. I have preferred this arrangement, for the sake ofgrou[)- 
ing together facts of a similar nature. I sounded with the wide 
bell-shaped lead which Capt. FitzRoy used at Keeling Island, 
but my examination of the bottom wtis confined to a few 
miles of coast (between Port Louis and Tomb Ray) on the 
leeward side of the island. The edge of the reef is formed 
of great shapeless masses of branching ^Nfitdrepores, which 
chiefly consist of two species, — apparently M. corytnbosa and 
pocillifera , — mingled with a few other kinds of coral. These 
masses are separated from each oilier by the most irregular 
gullies and cavities, into which (he lead sinks many feet. Out- 
side this irregular border of. 31a(lrc pores, the water deejicns 
gradually to twenty fathoms, which depth gcmerallv is found 
at the distance of from Iialf to three (juarters of a mile from the 
reef. A little further out tlie depth is thirty fathoms, and 
thence the bank slopes rapidly into the dejiths of the ocean. 
This inclination is very gentle compared with that outside 
Keeling and other atolls, but compared with most coasts 
it is steep. The water was so clear outside the reef, 
that I could distinguish every object forming the rugged 
bottom. In this part, and to a depth of eiglit fathoms, I 
sounded repeatedly, and^at each east pounded the hottom 
with the broad lead, nevertheless the arming invariably 
came •up perfectly clean, but deeply indented. From 
eight to fifteen fathoms a little calcareous sand was occa- 
sionally brought up, but more frequently the arnung was 
simply indented. In all this space the two Madrepores above 
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mentioned, and two species of Astrsea, with rather large * 
stars, seemed the commonest kinds; and it must be noticed 
that twice at the depth of 15 fathoms, the arming was marked 
with a clean impression of an Astrma. Besides these litho- 
phytes, some fragments of the Millepora alcicomisj which 
occurs in the same relative position at Keeling Island, were 
brought up ; and in the deeper parts there were large beds of 
a Seriatopora, different from S. suhulata^ but closely allied to 
it On the beach within the reef, the rolled fragments con- 
sisted chiefly of the corals just mentioned, and of a massive 
Porites, like that at Keeling atoll, of a Meandrina, PociU 
lopora verrucosa and of numerous fragments of Nullipora. 
From fifteen to twenty fathoms the bottom was, with few 
exceptions, either formed of sand, or thickly covered with 
Seriatopora: this delicate coral seems to form at these 
depths extensive beds, unmingled with any other kind. At 
20 fathoms, onc^ sounding brought up a fragment of Madre- 
pora apparently M. pocillifera^ and I believe it is the same 
species (for 1 neglected to bring specimens from both sta- 
tions) which mainly forms the upper margin of the reef; if so, 
it grows in depths varying from 0 to 20 fathoms. Between 
twenty and thirty-three fathoms *1 obtained several soundings 
and they all showed a sandy bottom, with one exception 


* Since the preceding pages were printed off, I have received from 
Mr. Lyell a very interesting jiamphlet, entitled Remarks upon Coral- 
Formations, &c., by J. Couthouy, Boston, United States, 1842. There is 
a statement (p. 6), on the authority of the Rev. J. Williams, corroborat- 
ing the remarks made by Ehrcnberg and Lyell, (p. 71 of this volume,) 
on the antiquity Sf certain individual corals in the Red Sea and at 
Bermuda; namely, that at Upolu, one^df the Navigator islands, “par- 
ticular clupips of coral are known to the fishermen by name, derived 
from either some particular configuration tr tradition attached to them, 
and handed down from tipic immemorial With respect to the thick- 
ness of masses of coral-rock, it clearly appears, from the desefiptions 
given by Mr. Couthouy (pp. 34, 58), that Mangaia and Aurora islands 
are upraised atolls, composed of coral-rock : the level summit of the 
fojrmer is about '100 feet, and that of Aurora island is 200 feet above 
the sea-level. 


G 
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at 30 fathoms, when the anning came up scooped out, as if 
by the margin of a large Caryophyllia, Beyond 33 fathoms 
1 sounded only once ; and from 86 fathoms, at the distance of 
one mile and a third from the edge of the reef, the arming 
brought up calcareous sand with a pebble of volcanic rock. 
The circumstance of the arming iiaving invariably come up 
quite clean, when sounding within a certain number of 
fathoms off the reefs of Mauritius and Keeling atoll (eight 
fathoms in the former case, and twelve in the latter), and of 
its having always come up (with one exception) smoothed 
and covered with sand, when the depth exceeded 20 fathoms, 
probably indicates a criterion, by which tlic limits of tlic vigor- 
ous growth of coral might in all cases be readily ascertained. 
I do not, however, suppose that if a vast number of soundings 
were obtained round these islands, the limit above assigned 
would be found never to vary, but 1 conceive the facts are 
sufficient to show', that the excej)tioiis woulfl b(‘ few. The 
circumstance of a gradual change, in tlic two eases, from 
a field of clean coral to a smooth sandy bottom, is far more 
important in indicating the depth at which the larger kinds 
of coral flourish, than almost any number of separate 
obsen^ations on the depth,* at which certain sjHcie.s have 
been dredged up. For wc can understand the gradation, 
only as a prolonged struggle against nnfavouralile conditions. 
If a person were to find the soil clothed with turf on the 
banks of a stream of w’alcr, but on going to sonu* distance 
on one side of it, he observed the blades of grass growing 
thinner and thinner, with intervening patches of sand, until 
he entered a desert of sand, he would safeljv conclude, espe- 
cially if changes of the same kind were noticed in other 
places, that the presence of the water was absolutely neces- 
sary to the formation af a thick bod of tnrf: so may wc 
conclude, with the same feeling of certainty, that tliick beds 
of coral arc formed only at small depths beneath the surface 
of the sea. 

I have, endeavoured to eolloct every fact, which might 
either invalidate or corroborate this conclusion. Capt. Mores- 
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by, whose opportunities for ofiservation during his survey of 
the Maldiva and Chagos Archipelagoes have been unrivalled, 
informs me, that the upper part or zone of the steep-sided 
reefs, on the inner and outer coasts of the atolls in both 
groups, invariably consists of coral, and the lower parts of 
sand.. At seven or eight fathoms depth, the bottom is 
formed, as could be seen through the clear water, of great 
living masses of coral, which at about ten fathoms generally 
stand some way apart from each other, with patches of white 
sand between them, and at a little greater depth these patches 
become united into a smooth steep slope, without any 
coral. Capt, Moresby, also, informs me in support of his 
statement, that he found only decayed coral on the Padua 
Bank (northern part of the Laccadive group) which has an 
average depth between 25 and 35 fathoms, but that on some 
other banks in the same group with only ten or twelve 
fathoms water on them, (for instance, the Tillacapeni bank), 
the coral was living. 

With regard to the coral-reefs in the Red Sea, Ehrenberg 
hius the following passage. llie living corals do not de- 
scend there into great depths. On the edges of islets and 
near reefs, where the depth wak small, very many lived ; 
but \vc found no more even at six fathoms. The ix?arl- 
fishcrs at Yemen and Massaua asserted that there was no 
coral near the pearl-banks at nine fathoms depth, but only 
sand. Wc were not able to institute any more special 
researches.”* I am, however, assured both by Captain 
Moresby and Lieut. Wellstcad, that in the more northern 
parts of the Red Sea, there are extensive beds of living 
coral at a depth of 25 fathoms, in which the anchors of their 
vessels were frequently entangled. Captain Moresby attri- 
butes the less depth, at which the •corals arc able to live 
in the places mentioned by Ehrenberg, to the greater (quan- 
tity of sediment there ; and the situations, where they were 
flourishing at the depth of 25 fathoms, were protected, and 
the water w(is extraordinarily limpid. On the leeward side 
' Ehrenberg iiber die Natur, &c. p. 50. 



84 TUE DEPTHB AT WHICH [CHAl\ IV. 

of Mauritius where I found the coral growing at a somewhat 
greater depth than at Keeling atoll, the sea, owing apparently 
to its tranquil state, was likewise very clear. Within the 
lagoons of some of the Marshall atolls, w here the w ater can 
be but little agitated, there are, according to Kotzebue, 
living beds of coral in 25 fathoms. From these facts, and 
considering the manner in which the beds of clean coral off 
Mauritius, Keeling Island, the Maldiva and Chagos atolls, gra- 
duated into a sandy slope, it appears very probable that the 
depth, at which reef-building polypifers can exist, is partly de- 
termined by the extent of inclined surface, w hich the currents 
of the sea and the recoiling w'aves have the power to keep free 
from sediment. 

MM. Quoy and Gaimard* believe that the growth of coral 
is confined within very limited depths ; and they state that 
they never found any fragment of an Astrma, (the genus they 
consider most efficient in forming reefs) at it de})th above 25 
or 30 feeU But wx have seen that in several places tlie bottom 
of the sea is paved with massive corals at more than twice 
this depth; and at 15 fathoms (or thrice this depthj off the 
reefs of Mauritius, the arming was marked with the distinct 
impression of a living Astrma. Mlllcpora (ilrirorni.s lives in 
from 0 to 12 fathoms, and the genera Maelrcpora and Serla- 
topora from 0 to 20 fathoms. Capt. Moresby has given me a 
specimen of Siclrropora scabra (Porites of Lamarck) brought 
up alive from 17 fathoms. Mr. Couthouyt states that he has 
dredged up on the Bahama banks considerable masses of 
Meandrina from 16 fathoms, and he has seen this coral 
growing in 20 fathoms. A Caryophyllia,,half an inch in 
diameter, ivas dredged up alive from 80 fathoms off Juan 
Fernandez (Lat. 33^ S.) by Capt. P. P. King : X this is the 
most remarkable fact with which I am acfjuaiiitcd, shewing 
the depth at which a genus of corals often found on reefs, 

Annales des Sci. Nat. tom. vi, 

t Remarks on (’oral Formations, p. !‘2. 

t 1 am Indebted to Mr. Stokes for having kindly communicated this 
fact to me, together with much other valuable information. 
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can exist. We ought, however, to feel less surprise at this 
fact, as Caryophyllia alone of the lamclliform genera, ranges 

♦ I will record in the form of a note all the facts that I have been 
able to collect on the depths, both within and without the tropics, 
at which those corals and corallines can live, which there is no 
reason to suppose ever materially aid in the construction of a reef. 


NAME OF ZOOPHYTE. 


COUNTRY AND 
S. LATITUDE. 


AUTHORITY. 


Scrtularia 

Cellaria 


40 ‘Cape Horn 66® . fWhere none ia 


ditto Ditto 


A minute scarlet encrust-! 


ing species, found living! 100 Keeling At. 12P | own.] 
An allied, small stony sub- i i 


given, the ob- 
servation is my 


generic form 
A coral allied to Vincularia,! 

with eight rows of cells . j 
Tubuliiiora, near to T. patina ; 

Do. do. . . I 

Ccllcpora, several species, andl 
allied sub-generic forms . i 
(! 

Ditto . . . I 

Ditto , . . ; 

Eschara 

Ditto . , 

Ketepora 


Millepora, a strong coral with^ 
cylindrical branches, of a ] 
pink colour, Jiboul two • 
indies high, resembling in 
the form of its ^rifices M. 
aspera of Lamarck . 

\ r Pcyssonel in 

Coralium ... 120 Barbary 33® N. | ^ety 

... ! ^ May, 1752. 

Antipathcs . . . 16 :Chonos 45“ 

r Abrolhos on ( 9*1?^ B^hey 
Oorgonia (or an allied form) . 160 ; < the coa.st of 1 me 

I (Brazil 18“ 1 of this feet in 

! V a letter. 

Ellis (Nat. Hist, of Coralline, p. 96) states that OmbeUularia was 
procured in lat. 79“ N. kicking to a line from the depth of 236 fethoms j 


48 S. Cruz Riv. 5CP 

40 Cape Horn 
ditto Ditto 
94 East Chiloe 43® 

! i 

( ; 

40 Cape Horn j 

40 ' 1 

, f Chonos Arch. 

h" I 

48 S. Cruz 5(P 
j / Tierra del 
i 1 Fuego 53® 

48 S.CnizR.50® 
40 |Caj)e Horn 

inn Good Hope 
iw 


94 E. Chiloe 43“ 
and ;Tierra del 
30 ;Fuego53° 


Quoy and Gai- 
mard, Ann. 
Scien. Nat., 
t. vi. p. 284. 


120 Barbary 33® N. ! 


16 ;Cbonos45'^ 

f Abrolhos on 
160 j < the coast of 
( Brazil 18“ 
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far beyond the tropics; it is found in Zetland* in Lat. GO 
N. in deep water, and 1 procured a small species from 1 ierra 
del Fuego in Lat. 53® S* Capt. Lecchey informs me, that 
branches of pink and yellow coral were frequently brought 
up from between 20 and 25 fathoms off the I^ow atolls ; and 
Lieut. Stokes writing to me from the N.W. coast of Australia, 
says that a strongly branched coral was procured there from 
30 fathoms: unfortunately it is not known to what genera 
these corals belong. 

Although the limit of depth, at which each particular kind 
of coral ceases to exist, is far from being accurately known ; 
yet when we bear in mind the manner in which the clum})s 
of coral gradually became infrequent at about the same dt‘pth, 
and wholly disappeared at a greater depth than 20 fathoms, 
on the slope round Keeling atoll, on the leeward side of the 
Mauritius, and at rather less depth, both without and within 
the atolls of the Maldiva and Chagos Arthipelagoes ; and 
when we know that the reefs round these islands do not 
differ from other coral formations in their form and structure, 
we may, I think, eonchide that in ordinary cases, reef- 
building polypifcrs do not flourish at greater depths than 
between 20 and 30 fathoms* 

hence this coral either must have heen float ini' loose, or was entangled 
in stray line at tlie bottom. Ofl' Keeling atoll a enniiK)iind As<’i(lia 
(Sigillina) wais brought up from 31) fathomv, and a pitaa: of sponge, 
apparently living, from and a fragment of Nullipnri also appa- 
rently living from 1)2 fathoms. At a greater depth than DO fathoms oil 
this coral-island, th<; bottom was thickly strewed with joifits of Hali- 
meda and small fragments of other Nvdliporie, but all dead. Capt. H. 
Allen, H. N., informj> me that in the survey of the West Indies it was 
noticed, that between the depth of 10 and 200 fatlioms, ilu‘ sounding- 
lead very generally came iij>, coated with the dead joints of a llaiimedig 
of which he shewed me specimens. OfT Peniamhuro, in Brazil, in 
about 12 fathoms, the bottdni was covered with fragments dead and 
alive of a dull red Nullij>ora, and I infer fr(mi Houssin’s chart, that a 
bottom of this kind extends over a wide area. On the beach, within 
the coral-reefs of Mauritius, vast <juiintitics of fragments of Nullijn^ra: 
were piled up. From these facts it appears, that these .siini)ly orga- 
‘nnongst the most abundant pnulnctifms of the sea. 

MemmgV Bntisli Animals, genus (hiryophyllia. 
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It has been argued* that reefs may possibly rise from very 
great depths through the means of small corals, first making a 
platform for the growth of the stronger kinds. Tliis, however, 
is an arbitary supposition: it is not always remembered, that 
in such cases there is an antagonist powder in action, namely, the 
decay of organic bodies, when not protected by a covering of 
sediment, or by their own rapid growth. We have, moreover, 
no right to calculate on unlimited time for the accumulation 
of small organic bodies into great masses. Every fact in 
geology proclaims that neither the land, nor the bed of the 
sea retain for indefinite periods the same level. As well 
might it be imagined that the British Seas w’ould in time 
become choked up with beds of oysters, or that the numerous 
small corallines off the inhospitable shores of Tierra del 
Fiicgo would in time form a solid and extensive coral-reef. 

* Journi^l of the Koval (Jeograph. Soc. 18^31, p. 218. 
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CHAPTER V. 

THEORY OF THE FORMATION OF THE DIFFERENT CLASSES OF 

CORAL-REEFS. 

The atolls of the tarter archipelagoes are not formed o?i suhmergcd cratersy 
or on banks of sediment — Immense areas interspersed irith atolls — Thetr 
subsidejtce — The effects of storms and eartiuptnkes on atolls — Iterant 
changes in their state — 'The origin of ban ier-nefs and of atolls — Thetr 
relative forms — The step- formed ledges and trails round the slufres of 
some lagoons — The ring-formed reefs of the Maldiva atolls — J'hr sul>- 
nierged condition of parts or of the irhede of some annular reefs — I'he 
disseverrnent of large atolls — 'The urpon of atolls bt/ linear reefs — The 
great Chagos Bank — Objections from the area and amount if subsi- 
dence recpdred by the theory y considered — The probable composttiim if 
the lower parts of atolls. 

The naturalists who have visjtecl the Pacific, seem to have 
had their attention rivetted by the lagoon-islands, or atolls, — 
those singular rings of coral-laud which rise abruptly out of 
the unfathomable ocean, — and have passed over, almost un- 
noticed, the scarcely less wonderful encircling barrier-reefs. 
The theory most generally received on the formation of 
atolls, is that they arc based on submarine craters : but 
where can we find a crater of the shape of Row atoll, which 
is five times as long as it is broad, (Plate I. fig. 4,); or like 
that of Mcnchicoff Island, (Plate II. fig. 3.) with its three 
loops, together sixty miles in length ; or like Rimsky Kor- 
sacoff, narrow, crooked, and fifty-four miles long ; or like the 
northeni ^laldiva atolls, made up of numerous ring-formed 
reefs, placed on the margin of a disk, — one of which disks is 
t^fdcs in length, and only from ten to twenty 
in breadth. ' It is, also, not a little improbable, that there 

3 
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should have existed us many craters of immense size crowded 
together beneath the sea, as there are now in some parts 
atolls. But this theory lies under a greater difficulty, as will 
be evident, when we consider on what foundations the atolls 
of the larger archipelagoes rest : nevertheless, if the rim of a 
crater afforded a basis at the proper depth, I am far from deny- 
ing that a reef like a perfectly characterized atoll might not be 
formed ; some such, pcrhaj>s, now exist ; but I cannot believe 
in the possibility of the greater number having thus originated. 

An earlier and better theory was proposed by Cbamisso ;• 
he supposes that as the more massive kinds of corals prefer 
the surf, the outer portions, in a reef rising from a submarine 
basis, would first reach the surface and consequently form a 
ring. But on this view it must be assumed, that in every case 
the basis eoiisists of a flat bank ; for if it were eonically 
formed, like a mountainous mass, we can see no reason why 
the coral should firing up from the flanks, instead of from the 
central and highest parts : considering the number of the 
atolls in the Pacific and Indian Oceans, this assumption is 
very improbable. As the lagoons of atolls are sometimes 
even more than forty fathoms deep, it must, also, be assumed 
on this view, that at a depth at which the waves do not 
break, the coral grows more vigorously on the edges of 
a bank than on its central part: and this is an assumption 
without any evidence in support of it. I remarked in the 
third chapter, that a reef, growing on a detached bank, 
would tend to assume an atoll-like structure ; if, therefore, 
corals were to grow up from a bank with a level surface some 
fathoms submerged, having steep sides and being situated in 
a deep sea, a reef not to be distinguished from an atoll, might 
be formed : I believe some such exist in the West Indies. 
But a difficulty of the same kind, with that aflfecting the 
crater theory, renders, as we shall presently sec, this view 
inapplicable to the greater number of atolls. 

No theory w'orthy of notice has been advanced to account 
for those barrier-reefs, which encircle islands of moderate 
* Kotzebue’s First Voyage, vol. iii. p. 331. 
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dimensions* The great reef which fronts the coast of Aus- 
tralia has been supposed, but without any special facts, to 
rest on the edge of a submarine precipice, extending parallel 
to the shore. The origin of the third chiss or of fringing reefs 
presents, I believe, scarcely any difficulty, and is simply con- 
sequent on the polypifers not growing up from great depths, 
and their not flourishing close to gently shelving beaches 
where the water is often turbid. 

What cause, then, has given to atolls and barrier-reefs their 
characteristic forms? Let us see whether an important de- 
duction will not follow from the consideration of these two 
circumstances, — first, the reef-building corals flourishing only 
at limited depths, — and secondly, the vastness of the arcjts in- 
terspersed with coral-reefs and coral-islets, none of w hich rise 
to a greater height above the level of the sea, than that 
attained by matter thrown up by the waves and winds. 
I do not make this latter statement vaguely ; I have care- 
fully sought for descriptions of every island in the inter- 
tropical seas; and my task has been in some degree abridged 
by a map of the Pacific, corrected in 1834 by M.M. 
D’Urville and Lottin, in which the low islands are distin- 
guished from the high ones, (even from those much less than 
a hundred feet in height) by being wTitten without a capital 
letter: I have detected a few errors in this ma[>, respecting 
the heights of some of the islands, which will he noticed in the 
Appendix, wlierc I treat of coral-formations in geographical 
order. To the Appendix, also, I must refer for a more 
particular account of the data on which the statements on 
the next page are grounded. I have ascertajned, ami chiefly 
from the writings of Cook, Kotzebue, Ilellinghauscn, Du- 
perrey, Bcechcy, and Lutke, regarding the Pacific; and from 
Moresby* with respect the Indian Ocean, that in the fol- 

* See also Ca[)t. Owen’s and Lieut. WoexVs papers in the Gcogra- 
X^hicul Journal, on the Maldiva and Laccadive Archipelagoes. These 
officers particularly refer to the lowness of the islets ; hut I chictly 
ground my assertion respecting tlicse two groups, and the Chagos 
group, from information communicated to me by Cai»t. Moresby. 
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lowing cases the term low island” strictly means land of the 
height, commonly attained by matter thrown up by the winds 
and the waves of an open sea. If we draw a line (the plan I 
have always adopted) joining the external atolls of that part 
of the Low Archipelago in which the islands are numerous, 
the /igure will be a pointed ellipse (reaching from Hood to 
Lazaref island), of which the longer axis is 840 geographical 
miles, and the shorter 420 miles : in this space, ♦ none of the 
innumerable islets, united into great rings, rise above the stated 
level. The Gilbert group is very narrow, and 300 miles in 
length. In a prolonged line from this group, at the distance 
of 240 miles, is the Marshall archipelago, the jfigure of which 
is an irregular square, one end being broader than the other; 
its length is 520 miles, with an average width of 240 : these 
two groups together are 1040 miles in length, and all their 
islets are low. Between the southern end of the Gilbert and 
the northern end of Low Archipelago, the ocean is thinly 
strewed with islands, all of which, as far as I have been able to 
ascertain, are low : so that from nearly the southern end of the 
Low Archipelago to the northern end of the Marshall Archipe- 
lago, there is a narrow band of ocean, more than 4000 miles in 
length, containing a great number of islands, all of which are 
low. In the Western part of the Caroline Archipelago, there 
is a space of 480 miles in length, and about 100 broad, thinly 
interspersed with low islands. Lastly, in the Indian ocean, the 
archipelago of the Maldivas is 470 miles in length, and 60 in 
breadth ; that of the Laccadives is 150 by 100 miles: as there 
is a low island between these two groups, they may be consi- 

* I tint! from^Ir. Couthouy’s pamphlet, p. 58, that Aurora island 
is about *200 feet in height ; it consists of coral rock, and seems to have 
been formed by the elevation of an atoll. It lies N E. of Tahiti, 
close without the line bounding the spiyc coloured dark blue in the 
map appended to this vojume. Honden island, which is situated in the 
extreme N.W.part of the Low Arch., according to measurement^ynade on 
board tlie whilst sailing by, is 114 feet from the suinmtt of the 

frees to the water^s edge. This island appeared to resemble the other 
atolls of the group. 
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dcrcd as one group of a thousand miles in length. To this 
may be added the Chagos group of low islands, situated 280 
miles distant, in a line prolonged from the southern ex- 
tremity of the Maldivas. This group, including the sub- 
merged bonks, is 170 miles in length and 80 in breadth. So 
striking is the uniformity in direction of these three archi- 
pelagoes, all the islands of which are low, that Captain 
Moresby, in one of his papers, speaks of them as parts of one 
great chain, nearly 1500 miles long. I am, then, fully justi- 
fied, in repeating, that enormous spaces, both in the Pacific 
and Indian oceans, are interspersed with islands, of which not 
one rises above that height, to which the waves and winds 
in an open sea can heap up matter. 

On what foundations, then, have these reefs and islets of 
coral been constructed ? A foundation must originally have 
been present beneath each atoll at that limited depth, which 
is indispensable for the first growth of the rccf-l)uilding polypi- 
fers. A conjecture will perhaps be hazarded, that the reejuisite 
bases might have been afforded by the accumulation of great 
banks of sediment, which owing to the action of sujierfiei.ai 
currents, (aided possibly by the undulatory movement of the 
sca)did notqulte reach the surface,— as actually appears to have 
been the case in some parts of the West Indian Sea. Hut in 
the form and dis[)osition of the groups of atolls, there is 
nothing to countenance this notion ; and the assumption 
without any proof, that a number of immen.se pilc.s of .sedi- 
ment have been heaped on the floor of the great Pacific and 
Indian Oceans, in their central parts far remote from land, 
and where the daik blue colour of the Iim[)id water bespeaks 
its purity, cannot for one moment be admitted. 

The many widcly-.scattercd atolls must, therefore, rest 
on rocky bases. But we cannot believe that the broad suntmit 
of a mountain lies buried at the deiKh of a few fathoms 
beneath every atoll, and nevertheless throughout the immense 
areas above-named, with not one point of rock projecting 
a ovc tic level of the sea; for we may judge with some 
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accuracy of mountains beneath the sea, by those on the land ; 
and where can wc find a single chain several hundred miles 
in length and of considerable breadth, much less several such 
chains, with their many broiKl summits attaining the same 
height, within from 120 to 180 feet? If the data be thought 
insufficient, on which I have grounded my belief, respecting 
the cTepth at which the reef-building polypifers can exist, and 
it be assumed that they can flourish at a depth of even 100 
fathoms, yet the weight of the above argument is but little 
diminished, for it is almost equally improbable, that as many 
submarine mountains, as there are low islands in the several 
great and widely -separated areas above-specified, should all 
rise within 600 feet of the surface of the sea and not one 
above it, as that they should be of the same height within 
the smaller limit of one or two hundred feet. So highly im- 
probable is this supposition, that we are compelled to believe, 
that the bases of the many atolls did never at any one period 
all lie submerged within the depth of a few fathoms beneath 
the surface, but that they were brought into the requisite 
position or level, some at one period and some at another, 
through movements in the earth’s crust. But this could not 
have been effected by elevation, for the belief that points so 
numerous and so w idely-separated were successively uplifted to 
a certain level, but that not one point w as raised above that level, 
is quite as improbable as the former supposition, and indeed 
differs little from it. It will probably occur to those who have 
read Ehrenberg’s account of the reefs of the Red Sea, that 
many points in these great areas may have been elevated, but 
that as soon as raised, the protuberant parts were cut oflf by 
the destroying^action of the waves : a moment’s reflection, 
however, on the bason-like form of the atolls, will show that 
this is impossible ; for the upheaval and subsequent abrasion 
of an island would leave a flat dffek, which might become 
coated wnth coral, but not a deeply concave surface ; more- 
over, we should expect to see, in some parts at least, the rock 
of the foundation brought to the surface. If, then, the 
foundations of the many atolls were not uplifted into the 
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requisite |>08ition, they must of necessity huve subsidetl into 
it; and this at once solves every difficulty,* for wc may 
safely infer, from the facts given in the Ifist chapter, that 
during a gradual subsidence the corals would be favourably 
circumstanced for building up their solid frameworks and 
reaching the surface, as island after island slowly diwippeared. 
Thus areas of immense extent in the central and most* pro- 
found parts of the great oceans, might become interspersed 
with coral-islets, none of which would rise to a greater height 
than that attained by detritus heaped up by the sea, and 
nevertheless they might all have been formed by corals, which 
absolutely required for their growth a solid Ibniulition within 
a few fathoms of the surface. 

It would be out of place here to do more than allude to the 
many facts, showing that the supposition of a gradual sub- 
sidence over large areas is by no means improbable. \W 
have the clearest proof that a movement of bJiis kind is pos- 
sible, in the upright trees buried under strata many thousand 


* The additional difliculty on the crater hypolh<>sis before aljnded to, 
will now be evident ; for on this view the voleatiie ad ion nuisl be sup- 
posed to have formed within the areas spt eitit d a sa^t number of 
craters, all rising within a few fathoms of the siirfaet^, ami not one above 
it. The supposition that the craters were at dilb n nt limes iij^raised 
above the surface, and were there abraded by the surf and subserpiently 
coated by corals, is subje-et to lU’arly the same oltjeetions \sitli (liose 
given at the bottom of the last page; but I consjfP p it superfluous to 
detail all the arguments f)j)pos-ed to such a muion Cbamissf/s theory, 
from assuming the existence of so many hanks, all lying at the projicr 
depth beneath the water, is also vitally defective. Tbr same obser\'a‘ 
tion applies to an hypothesis of Lieut. Nelson’s (fb-.f|(;g. Tra.ns, vol. v. 
p. who supposes that the ring-formed structure is caused by a 
greater number of germs of corals becoming affaclied to the declivity, 
fbaii to the central plateau of a submarine bank : it likewise applies 
to ih.‘ notion fonnerly entt^lained, (Forster’s Observ. p. I5I) that 
\agoon-i>lands owe their [K'euliar form to the instinctive tendencies 
of the dolypibTK. Armnling to this latter view, the corals on the outer 
margin of tbo reef nisiiucf i\ ely exiHise. themselves to the surf in order 
to »lTora i.roloclion l(, <onils liviiiK in tlie wliich belong to 

other g.-ncra; ami to otlu-r famili.-s ! 
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feet in thickness; wc have also every reason for believing 
that there arc now large areas gradually sinking, in the same 
manner as others arc rising. And when we consider how 
many parts of the surface of the globe have been elevated 
within recent geological periods, we must admit that there 
have been subsidences on a corresponding scale, for otherwise 
the vvliolc globe would have swollen. It is very remarkable 
that Mr. Lyell,* even in the first edition of his Principles 
of Geology, inferred that the amount of subsidence in the 
Pacific must have exceeded that of elevation, from the area 
of land being very small relatively to the agents there tending 
to form it, namely, the growth of coral and volcanic action. 
But it w'ill bo asked, are there any direct proofs of a subsiding 
movement in those areas, in which subsidence will explain a 
phenomenon otherwise inexplicable? This, however, can 
hardly be expected, for it must ever be most difficult, ex- 
cepting in countries long civilized, to detect a movement, 
the tendency of w hich is to conceal the part affected. In 
barbarous and scmi-civilizcd nations how long might not 
a slow nipvemcnt, even of elevation such as that now 
affecting Scandinavia, have escaped attention 1 

Mr. Williamsf insists strongly that the traditions of the 
natives, which he has taken much pains in collecting, do not 
indicate the appearance of any new islands : but on the 
theory of a gradual subsidence, all that w’ould be apparent 
would be, the water sometimes encroaching slowdy on the 
land, and the land again recovering by the accumulation 
of detritus its former extent, and perhaps sometimes the 
conversion of an atoll with coral islets on it, into a bare or 
into a sunken annular reef. Such changes would naturally 
take place at the periods when the sea rose above its usual 
limits, during a gale of more than ordinary strength; and 
the effects of the tw^o causes would iJe hardly distinguishable. 
In Kotzebue’s Voyage there are accounts of islands, bjpth in 
the (hiroline and Marshall Archipelagoes, which have been 

Princ’iplos of Geology, sixth edition, vol. iii. p. 386. 
t Williams's Narrative of Missionary Enterprise, p.^U. 
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partly washed away during hurricanes; and Kadu, the 
native who was on board one of the Russian vessels, said 
‘‘ he saw the sea at Radack rise to the feet of the cocoa-nut 
trees; but it was conjured in time.”* A storm lately entirely 
swept away two of the Caroline islands, and converted them 
into shoals ; it partly, also, destroyed two other islands.f 
According to a tradition which was communicated to*Capt. 
FitzRoy, it is believed in the Low Archipelago, that the arri- 
val of the /irst ship caused a great inundation, which de- 
stroyed many lives. Mr, Stuchbury relates, that in 182.^, 
the western side of (^hain Atoll, in the same group, wjis com- 
pletely devastated by a hurricane, and not less than 300 lives 
lost: ‘Mn this instance it w{\s evident, even to the natives, 
that the hurricane alone was not sufficient to account for the 
violent {igitation of the ocean/'| That considerable changes 
have taken place recently in some of the atolls in the Low 
Archipelago, appears certain from the cas** alre ady given of 
Matilda Island : with respect to Wliitsunday and (iloucester 
Islands in this same group, we must either attrihute great 
inaccuracy to their discoverer, the famous eireumnavigator 
Wallis, or believe that they have undergone a con^iiderahle 
change in the period of fifty-nine years, between his vovJige 
and that of Capt. Beeehey’s. Whitsuiulay Island is described 
by \^allis as about four miles long, an<l three wide," now it 
is only one mile and a half long. The appearance of (Glou- 
cester Island, in (’apt, Ih^eehey vS words.^ luis been accu- 
rately described by its discoverer, but its present form and 
extent differ materially." Hleidieiin reef, in the t’hogos 
group, consists of a water-washed annular reef, thirteen miles 
in circumference, surrounding a lagoon ten fathoms deep ; 
on its surface there were a few worn jiatchcs of con- 
glomerate coral-rock, of about the size of hovels; and these 

Kolzcl>iie’s First Voyage, vol. iii. p. IGH* 
t M. DeHnroulins \u (’omptes Hendus p. 

I \VeHt of England Journal, No. |, p. .T). 

• t., the Pacific, chap, vii., and WnlliH’s Vovage 

m the Dolfihin, chap. iv. 
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Capt. MoreiH|||bonsidcred 5 as being, without doubt, the 
lost remnants^^ islets; so that here an atoU has been con- 
verted into an atoll-formed reef. The inhabitants of the 
Maldiva Archipelago, as long ago as 1605, declared^ that 
the high tides and violent currents were always diminishing 
the number of the islands and I have already shown, on 
the authority of Capt, Moresby, that the work of destruction 
is still in progress ; but that on the other hand the first forma- 
tion of some islets is known to the present inhabitants. In 
such cases, it would be exceedingly difficult to detect a gradual 
subsidence of the foundation, on which these mutable struc- 
tures rest. 

Some of the archipelagoes of low coral-islands are subject 
to earthquakes : Capt. Moresby informs me that they are 
frequent, though not very strong, in the Chagos group, which 
occupies a very central position in the Indian ocean, and is 
far from any land not of coral formation. One of the islands 
in this group was formerly covered by a bed of mould, which, 
after an earthquake, disappeared, and was believed by the 
resident to have been washed by the rain through the broken 
masses of underlying rock : the island was thus rendered un- 
productive. Chamissof states, that earthquakes are felt in 
the Marshall atolls, which are far from any high land, and 
likewise in the islands of the Caroline Archipelago. On one 
of the latter, namely Oulleay atoll. Admiral Lutk6, as he had 
the kindness to inform me, observed several straight fissures 
about a foot in width, running for some hundred yards ob- 
liquely across the whole width of the reef. Fissures indicate 
a stretcliing of the earth’s crust, and, therefore, probably 
changes in its level ; but these coral-islands, which have been 
shaken and fissured, certainly have not been elevated, and, 
therefore, probably they have subsided. In the chapter on 
Keeling atoll, I attempted to show by direct evidence, that 

♦ See an extract from Pyrard’s Voyage in Capt. Owen^s paper on 
the Maldiva Archipelago, in the Geographical Journal, vol. ii. p, 84. 

1 See Chamitso, in Kotzebue’s First Voyage, vol. iii. p.l82 and 136. 

H 
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the island underwent a movement of subsllHPi during the 
earthquakes lately felt there* 

The facts stand thus;— ‘there are many large tracts of 
ocean, without any high land, interspersed with reefs and 
islets, formed by the growth of those kinds of corals, which 
cannot live at great depths ; and the existence of these. reefe 
and low islets, in such numbers and at such distant jmints, is 
quite inexplicable, excepting on the tlieory, that the bases on 
which the reefe first became attached, slowly and successively 
sank beneath the level of the sea, whilst tlio corals continued 
to grow upwards. No positive facts are opjmsed to this view, 
and some general considerations render it probable. There 
is evidence of change in form, whether or not from subsi- 
dence, on some of these coral-islands ; and there is evidence 
of subterranean disturbances beneath them. Will then the 
theory, to which we have thus been led, solve the curious 
problem, — what has given to each class of reef its jHiculiar 
fonn? 

Let us in imagination place within one of the subsiding 
areas, an island surrounded by a fringing reef,” — tlyit kind, 
which /ilonc offers no difficulty in the explanation of its origin. 
Let the unbroken lines and the oblique shading iti the woodcut 



8 B— Shores of the island. 

A' A' — Outer edge of the reel*, after its upward growth during a period 
of subsidenee. * 

C C The lagoon-channcl between the reef and the shores of the now 
encircled land. 

B' B The shores of tlie encircled island. 

N.B. In and the following wood-cut, the subsidence of the land 
could only be represented by an apparent rise in the level of the sea. 
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(No.4.)repreBent a vertical aecdop throngli each an island; and 
the horizontal shading will represent the sectitm of the reef. 
Now, as the island sinks down, either a few feet at a time or 
quite insensibly,, we may safely infer from what we. know of 
the conditions fevoorable to the growth of coral, that the living 
massos bathed by the surf on the matgin of the reef, will 
soon regain the sur&ce. 'Die water, however, will encroach, 
little by little, on the shore, the island becoming lower and 
smaller, and the space between the edge of the reef and the 
beach proportionally broader. A section of the reef and island, 
in this state, after a subsidence of several Jhundred feet, is given 
by the dotted lines : coral-islets are supposed to have been 
formed on the new reef, and a ship is anchored in the lagoon- 
channel. Thb section is in every respect that of an encircling 
barrier-reef; it is, in fact, a section taken* E. andW, through the 
highest point of ^he encircled island of Bolabola ; of which a 
plan is given in Plate I. fig. 5 . The same section is more 
clearly shown in the following woodcut (No. 5.) by the un- 
broken lines. The width of the ree^ and its slope both on 
the outer and inner side, will have been determined by the 
growing powers of the coral, under the conditions, (for instance 
the force of the breakers and of the currents) to which it has 
been exposed ; and the lagoon-channel will be deeper or shal- 
lower, in proportion to the growth of the delicately branched 
corals within the rceft and to the accumulation of sediment. . 
relatively, also, to the rate of subsidence and the length of the 
intervening stationary periods. 

It is evident in this section, that a line drawn perpendicu- 
larly down from the outer edge of the new reef to the founda- 
tion of solid rock, exceeds by as many feet as there have been 
feet of subsidence, that small limit of depth at which the 
effective polypifers can live, — the corals having grown up, as 

* The section has been made from the chart given in the Atlas^f the 
Voyage of the Coquitte, The scale is ‘57 of an inch to a mile. The 
height of the island, according to M. Lesson, is 4026 feet. The deepest 
part of the lagoon-channel is 162 feet ; its depth is exaggerated in the 
woodcut for the sake of clearness. 

H 2 
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tlw wliole wok down> from a ba^ formed of other corals and 
their eoQsolidated fragments. Thus the difficulty on this 
head, which before seemed so great, disappeim. 

V As the space between the reef and the subsiding shore 
continued to increase in breaddi and depth, and as the inju- 
rious efi^ts of the sediment and fresh water borne down from 
the land were consequently lessened, the greater number of 
the channels, with which the reef in its fringing state must 
have been breached, especially those which fronted the 
smaller streams, will have become choked up by the growth 
of coral: on the windward side of the reef, where the coral 
grows most vigorously, the breaches will probably have first 
been closed. In barricr-reefe, therefore, the breaches kept 
open by draining the tidal waters of the lagoon-channel, 
will generally be placed on the leeward side, and they will 
still face the mouths of the larger streams, although removed 
beyond the influence of their sediment and frcsh-water ; — 
and this, it has been shown, is commonly the case. 

Referring to the following diagram, in which the newly- 
formed barrier-reef is represented by unbroken linesj instead 
of by dots as in the former woodcut, let the work of subsi- 
dence go on, and the doubly-pointed hill will form two small 

_ ji»i. C A ' 



[No. 5.] 

A' A'— Outer edges of the |barrier-reef at the level of the sea. The 
cocoa-nut trees r^resent coral -islets form^^d on the reef. 

C C— The lagoon-channel. 

B' B'— The shores of the island, generally formed of low alluvial land 
and of coral detritus from the lagoon-channel. 

A" A" — Thp outer edges of the reef now forming an atoll. 

C' — The lagoon of the newly-formed atoll. According to the scale, the 
depth of the lagoon and of the lagoon-channel is exaggerated. 
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islands (or more, according to the number of the hills) in> 
eluded within one annular reef. Let the island continue 
subsiding, and the coral>reef will continue growing up on its 
own foundation, whilst the water gains inch by inch on the 
land, until the last and highest pinnacle is covered, and there 
remains a perfect atoll. A vertical section of this atoll is 
shown in the woodcut by the dotted lines;— a ship is an- 
chored in its lagoon, but islets are not supposed yet to have 
been formed on the reef. The depth of the lagoon and the 
width and slope of the reef, will depend on the circumstances 
just referred to under barrier-reefs. Ahy further subsidence 
will produce no change in the atoll, except perhaps a 
diminution in its size, from the reef not growing vertically 
upwards; but should the currents of the sea act violently 
on it, and should the corals perish on part or on the whole 
of its margin, changes would result during subsidence which 
will be presently noticed. I may here observe, that a bank 
either of rock or of hardened sediment, level with the surface 
of the sea, and fringed with living coral, would (if not so 
small as to allow the central space to be quickly filled up 
with de’tritus) by subsidence be converted immediately into 
an atoll, witliout passing, as in the case of a reef fi-inging the 
shore of an island, through the intermediate form of a 
barrier-reef. If such a bank lay a few fathoms submerged, the 
simple growth of the coral (as remarked in the third chapter) 
without the aid of subsidence, would produce a structure 
scarcely to be distinguished from a true atoll ; for in all cases 
the corals on the outer margin of a reef, from having space 
and being freelj exposed to the open sea, will grow vigorously 
and tend to form a continuous ring, whilst the growth of the 
less massive kinds on the central expanse, will be checked 
by the sediment formed there, and by that washed inwards 
by the breakers; and as the space liecomes shallower, their 
growth will, also, be checked by the impurities of the evater, 
and probably by the small amount of food brought by the 
enfeebled currents, in proportion to the surface of lin ing 
rce& studded with innumerable craving mouths:* the subsi- 
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dence of a reef based on a bank of this kind, would give 
depth to its central expanse or Iagoon» steepness to its flanks, 
and through the free growth of the coral, symmetry to its 
outline : — I may here repeat that the laiger groups of atolls 
in the PaciBc and Indian oceans cannot be supposed to be 
founded on banks of this nature. 

If, instead of the island in the diagram, the shore of a con- 
tinent fringed by a reef had subsided, a great barrier-reef, 
like that on the N. E. coast of Australia, would have neces- 
sarily resulted ; and it would have been ^parated from 
the main land by a deep-water channel, broad in proiwrtion 
to the amount of subsidence, and to the less or greater incli- 
nation of the neighbouring coast-land. The effect of the 
continued subsidence of a great barrier-reef of this kind, and 
its probable conversion into a chain of separate atolls, will 
be noticed, when we discuss the apparent progressive dissever- 
ment of the larger Maldiva atolls. • 

We now are able to perceive that the close similarity in 
form, dimensions, structure, and relative position (which latter 
point will hereafter be more fully noticed) between fringing 
andcncircling barrier-reefs, and between these latter and atolls, 
is the necessary result of the transformation, during subsi- 
dence, of the one class into the other. On this view, the 
three classes of reefs ought to graduate into each other. 
Reefs having an intermediate character between those of 
the fringing and barrier classes do exist ; for instance, on the 
S.W. coast of Madagascar, a reef extends for several miles, 
within which there is a broad channel from seven to eight 
fathoms deep, but the sea does not deepen jbniptly outside 
the reef. Such cases, however, are open to some doubts, for 
an old fringing reef, which had extended itself a little on a 
basis of its own formation, would hardly be distinguishable 
from a barrier-reef, produced by a small, amount of subsidence, 
and with its lagoon-channel nearly filled up with sediment 
during^ a long stationary period. Between barrier-reefs, 
encircling cither one lofty island or several small low onc% 
and atolls including a mere expanse of water, a striking scries 
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can be shown : in .prpof of this, 1 need only refer to the first 
plate at the end of this volume^ which spea^ more plainly to 
. the eye, than any d^cription could to the ear. The authorities 
from which the charts have been engraved, together with some 
remarks on them, ar^ given on a separate page descriptive 
of the plates. At New Caledonia (Plate II. fig. 6.) the bar- 
rier-rcefe extend for 150 miles on each side of the submarine 
prolongation of the idand; and at their northern extremity 
they appear broken up and converted into a vast atoll>fi>rmed 
reef, supportillg a few bw coral-islets : we may imagine that 
wc here see the effects of subsidence actually in progress, — 
the water always encroaching on the northern end of the 
island, towards which the mountains slope down, and the 
reefs steadily building up their massive fabrics in the lines of 
their ancient growth. 

We have as yet only considered the origin of barrier-reefe 
and atolls in their simplest form; but there remmn some 
peculiarities in structure and some special cases, described in 
the two first chapters, to be accounted for by our theory. 
These consist, — in the inclined ledge terminated by a wall, 
and sometimes succeeded by a second ledge with a wall, 
round the shores of certain lagoons and lagoon-channels; a 
structure which cannot, as I endeavoured to show, be explained 
by the simple growing powers of the corals, — ^in the ring or 
bason-like fbrm of the central ree&, as well as of the separate 
marginal portioiu of the northern Maldiva atolls, — in the sub- 
merged condition of the whole, or of pa^ of certain barrier and 
atoll-formed reefs; where only a part is submerged, this being 
generally to leeward, — ^in the apparent pregrestive dissever^ 
ment of some df the Maldiva atolls, — in the existence of irre- 
gularly formed atolls, some being tied together by linear reefi, 
and others with spurs projecting fi-om them, — and, lastly, in 
the structure and origin of the GretK Chagos bank. 

Step-formed ledges round certain lagoons . — If we suppose an 
atoll to subside at an extremely slow rate, it is difficult to fol- 
low out the complex results. The living corals would grow 
up on the outer margin ; and likewise probably ini the gullies 
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and deeper parts of the bare surface of tl)c annular reef ; the 
^ater would encroach on the islctSi but the accumulation of 
fresh detritus might possibly prevent their entire submer- 
gence. After a subsidence of this very slow nature, the surface 
of the annular reef sloping gently into the lagoon, would pro- 
bably become united with the irregular reefs and banks of sand, 
which line the shores of most lagoons. Should, however, the 
atoll l>e carried down by a more rapid movement, the whole 
surface of the annular reef, where there was a foundation of 
solid matter, would be favourably circinnstancccl for the fresli 
growth of coral ; but as the corals grew upwards on its exte- 
rior margin, and the waves broke heavily on this j)art, the in- 
crease of the massive polypifers on the inner side would be 
checked from the want of water. Consequently, the exterior 
parts would first reach the surface, and the new annular reef 
thus formed on the old one, would have Its summit inclined 
inwards, and be terminated by a subacjuoous wall, fornu^d by 
the upward growth of the coral (before being much checked), 
from the inner edge of the solid parts of the old reef. 'J'he 
inner portion of the new reef, from not having grown to the 
surface, would be covered by the waters of the *lagoon. 
Should a subsidence of the same kind be repeated, the corals 
would again grow up in a wall, from all the solid parts of the 
resunken reef, and, therefore, not from within the sandy shores 
of the lagoon; and the inner part of the new annular reef 
would, from being as before checked in its upward growth, be 
of less height than the exterior parts, and therefore would not 
reach the surface of the lagoon. In this case the shores of the 
lagoon would be surrounded by two inclined ledges, one beneath 
the other, and both abruptly terminated by subaqueous cliffs/ 

• According to Mr. Coiithouy (p. 20) the external reef round many 
atolls descends by a successiGn of ledges or terraces. He attempts, I 
doubt whether successfully, to explain this sfructure somewhat in the 
same manner as 1 have attempted, with resiwct to the internal ledges 
round the lagoons of some atolls. More facts are wanted regarding 
the nature Ijoth of the interior and exterior step-like ledger : arc all 
the ledges, t)r only the upper ones, covered with living coral ? if they 



BABOK-FORMEB REEF8. 


105 


The ring or basmi-formed reefs of the northern Maldiva 
atolls . — I may first observe, that the reefs within the lagoons 
of atolls and within lagoon-channels, would, if favourably cir- 
cumstanced, grow upwards during subsidence in the same man- 
ner as the annular rim ; and, therefore, we might expect that 
such lagoon-reefs, when not surrounded and buried by an 
accuthulation of sediment more rapid than the rate of sub- 
sidence, would rise abruptly from a greater depth than that 
at wliich the efficient polypifers can flourish: we see this 
well cxemplififid in the small abruptly-sided reefe, with which 
tlie deep lagoons of the Chagos and Southern Maldiva atolls are 
studded. With respect to the ring or bason-formed reefe of 
the Northern Maldiva atolls, it is evident, from the perfectly 
continuous scries which exists, that the marginal rings, al- 
though wider than the exterior or bounding reef of ordinary 
atolls, are only modified portions of such a reef; it is also 
evident that the#central rings, although wider than the knolls 
or reefs which commonly occur in lagoons, occupy their 
place. The ring-like structure has been shown to be contin- 
gent on the breaches into the lagoon being broad and nume- 
rous, sc5 that all the reefs which are bathed by the waters of the 
lagoon, are placed under nearly the same conditions with the 
outer coast of an atoll standing in the open sea. Hence the 
exterior and living margins of these reefe must have been 
favourably circumstanced for growing outwards, and increasing 
beyond the usual breadth ; and they must likewise have been 
favourably circumstanced for growing vigorously upwards, 
during the subsiding movements, to which by our theory the 
whole archipelago has been subjected; and subsidence with 
this upward growth of the margins would convert the central 
space of each little reef into a small lagoon. This, however, 
could only take place with those reefs, which had increased to 
a breadth sufficient to prevent theii^central spaces from being 
almost immediately filled up with the sand and detritus 

are all covered, are the kinds different on the ledges according to the 
depth ? Do the interior and exterior ledges occur together in the 
same atolls ; if so, what is their total width, and is the intervening 
snrfacc-recf narrow, &c. ? 
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driveii inwards from all sides : hence it is that few reefe, which 
are less than half a mile in diameter, even in the atolls where 
the basondike structure is most strikingly exhibitedi include 
lagoons. This remark, I may add, applies to all coral-reefs, 
wherever found. The bason-formed reefs of the Maldiva 
Archipelago may, in fact, be briefly described, as small atolls 
formed during subsidence over the separate portions of ‘large 
and broken atolls, in the same manner as these latter were 
formed over the barrier-reefs, which encircled the islands of 
a laige archipelago now wholly submerged. 

SnbrfUfrfft*d and Dead lieejs. — In the second section of the 
first chapter, I have shown that there are in the neighbour- 
hood of atolls, some deeply submerged bunks, with level sur- 
faces; that there arc others, less deeply but yet wholly 
submerged, having all the characters of }>crfcct atolls, hut 
consisting merely of dead coral-rock ; that there are harrier- 
rects and atolls with merely a portion of theu* reef, generally 
on the leeward side, submerged; and that such portions 
either retain their perfect outline, or they a)>j)ear to he <iuilc 
effaced, their former place being marked only by a hank, con- 
forming in outline with that part of the reef' wliich femains 
perfect. These several cases are, 1 believe, intimately re- 
lated together, and can be explained by the same means. 
There, perhaps, exist some submerged reefs, covered with living 
coral and growing upwards, but to these I do not here refer. 

As we see tliat in those parts of the ocean, where coral 
reefs are most abundant, one island is fringed and another 
neighbouring one is not fringc<l ; as we see in the same archi- 
pelago, that all the reefs arc more perfect in one part of it than 
in another, — for instance, in the soutlicrn half^comparcd with 
the northern half of the Maldiva Archipelago, and likewise 
on the outer coasts compared with the inner coasts of the 
atolls in this same group, Vhich arc placed in a double row; 
as we know that the existence of the innumerable polypifers 
forming a reef, depends on their sustenance, and that they 
arc preyed on by otlicr organic Ijcings ; and, lastly, as wc 
know that 'some inorganic causes arc highly injurious to the 
growth of coral, it cannot be expected that during the round 
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of change to which earth, air, and water are exposed, the reef- 
building polypifers should keep alive for perpetuity in any 
one place; and still less can this be expected daring the pro- 
gressive subsidences, perhaps at some periods more rapid than 
at others, to which by our theory these ree& and islands 
have been subjected and are liable. It is, then, not impro- 
bable that the corals should sometimes perish either on the 
whole or on part of a reef; if on part, the dead portion, after 
a small amount of subsidence, would still retain its proper out- 
line and position beneath the water. After a more prolonged 
subsidence, it would probably form, owing to the accumu- 
lation of sediment, only the margin of a flat bank, marking 
the limits of the former lagoon. Such dead portions of reef 
would generally lie on the leeward side,* for the impure water 
and fine sediment would more easily flow out from the 
lagoon over this side of the reef, where the force of the breakers 
is less than to windward; and therefore the corals would be less 
vigorous oi^llhis side, and be less able to resist any destroying 
agent. It is likewise owing to this same cause, that reefe are 
more frefpiently breached to leeward by narrow channels, 
serving as by ship-channels, than to windward. If the corals 
perished entirely, or on the greater part of the circumference of 
an atoll, an atoll-shaped bank of dead rock, more or less entirely 
submerged, would be produced; and further subsidence, toge- 
ther with the accumulation of sediment, would often obliterate 

* Mr. Lyell, in the first edition of his Principles of Geology, ofiered a 
somewhat different explanation of this structure. He supposes that there 
hets been subsidence ; but he was not aware that the submerged portions 
of reef were in most cases, if not in all, dead ; and he attributes the 
difference in heigiit in the two sides of most atolls, chiefly to the greater 
accumulation of detritus to windward than to leeward. But as matter 
is accumulated only on the backward part of the reef, the front part 
would remain of the same height (jn both sides. I may here observe that 
in most cases (for instance at Peros Banhfts, the Gambier group and the 
Great Chagos bank) and I suspect in all cases, the dead and submerged 
portions do not blend or slope into the living and perfect parts^but are 
separated from them by an abrupt line. In some instances small 
patches of living reef rise to the surface from the middle of the 
submerged and dead jiarts. 
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its atolWike structurej and leave only a bank with a level 
surface. 

In the Chagos group of atolls, within an area of 160 miles 
by 60, there are two atoll-formed banks of dead rock (iHJsides 
another very imj>erfect one) entirely submerged; a third, 
with merely two or three very small pieces of living reef 
rising to the surface ; and a fourth, namely, Peros Banhos 
(Plate I. fig. 9), with a portion nine miles in length dead 
and submerged. As by our theory this area has subsided, 
and as there is nothing improbable in the death, either from 
changes in the state of the surrouruling sea or from the sub- 
sidence being great or sudden, of the corals on the whole, or 
on portions of some of the atolls, the case of the ("hagos group 
presents no difficulty. So far indeed are any of the above- 
mentioned cases of submerged reefs from being inexplicable, 
that their occuncncc iniglit have been anticipated on onr 
theory ; and as fresh atolls are supposed to be in progressive 
formation by the subsidence of encircling bfuflricr-rcefs, a 
weighty objection, namely that the number of atolls must be 
increasing inllnitely, might even have been raised, if proofs 
oTthc occasional destruction and loss of atolls could iiot have 
been adduced. 

The disscrerment of the larger Maldira afa/Ls, — 7'he a{)pa- 
rent progressive disscvermeni in the Maldiva Archi|>ohig() 
of large atolls into smaller ones, is, in many resjiects, an 
important consideration, and recjuircs an exj)lanation. The 
graduated series, wlilcli marks as I believe this process, can 
be observed only in the northern half of the grouj), where 
the atolls have exceedingly imperfect rnari^ins, consisting 
of detached bason-formed reefs. Tlie currents of the sea 
flow across these atolls, as I am informed l>y (^apt. Moresby, 
with considerable force, and drift the sediment from side 
to side during the monSoons, transj)orting much of it sea- 
ward; yet the currents sweep witli greater force round 
their flanks. It is historicallv known that these atolls 

V 

have long existed in their present slate; and wc can be- 
lieve, that 'even during a very slow subsidence they might 

j 
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thus remain, the central expanse being kept at nearly its 
original depth by tire accumulation of sediment. But in 
the action of such nicely balanced forces during a progressive 
subsidence, (like that, to which by our theory this archipelago 
has been subjected,) it would be strange if the currents of the 
sea should never make a direct passage across some one of 
the atolls, through the many wide breaches in their margins. 
If this were once effected, a deep-water channel would soon 
be formed by the removal of the finer sediment, and the 
check to its further accumulation ; and the sides of the 
channel would be worn into a slope like that on the outer 
coasts, which arc exposed to the same force of the currents. 
In fact, a channel precisely like that bifurcating one which 
divides Mahlos Mahdoo (Plate II. fig. 4.), would almost ne- 
cessarily be formed. The scattered reefs situated near the 
borders of the new ocean-channel, from being favourably 
placed for the ’growth of coral, would, by their extension, 
tend to produce fresh margins to the dissevered portions: 
such a tendency is very evident, (as may be seen in the large 
published chart) in the elongated reefs on the borders of the 
two channels intersecting Mahlos Mahdoo. Such channels 
would become deeper with continued subsidence, and pro- 
bably from the reefs not growing up perpendicularly, some- 
what broader. In this case, and more especially if the chan- 
nels had been formed originally of considerable breadth, the 
dissevered portions would become perfect and distinct atolls, like 
Ari and Ross atolls, (Plate II. fig. 6.) or like the two Nillandoo 
atolls, which must be considered as distinct, although related 
in form and 4 >osition, and separated from each other by 
channels^ which though deep have been sounded. Further 
subsidence w'ould render such channels unfathomable, and the 
dissevered portions would then re^mble Phaleedoo and Mo- 
luque atolls, or Mahlos Mahdoo ana Horsbuigh atolls, (PL IL 
fig. 4.) which are related to each other in no respect ex- 
cept in proximity and position. Hence, on the theory of 
subsidence, the disseverment of large atolls, which have im- 
perfect margins (for otherwise their disseverment would be 
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acaioely poa8ibte)» and which «ure exposed to strong currcDtii> 
is f«r from being an improbable event ; and the several stages 
from close relaUon to entire isolation in the atolls of the 
Maldiva Archipelago, are readily explicable. 

We might go even further, and assert as not improbable, 
that the first formation of the Maldiva Archipe1ag(\ was 
due to a barrier-reef, of nearly the same dimensions with that 
of New Caledonia (Plate II. fig. 5.); for if, in imagina- 
tion, we complete the subsidence of that great island, we 
might anticipate from tlie present broken condition of the 
northern portion of the reef, and from the almost entire ab- 
sence of reefe on the eastern coast, that the barricr-reef 
after repeated subsidences, would become during its upward 
growth separated into distinct portions; and these portions 
would tend to assume an atoU-like structure, from the coral 
growing with vigour round their entire circumferences, when 
freely exposed to an open sea. As we Have some large 
islands partly submerged with barrier-reefs marking tlieir 
former limits, such as New Caledonia, so our tlicory makes 
it probable that there should be other large islands. wholly 
submerged ; and these, we may now infer, would be sur- 
mounted, not by one enormous atoll, but by f><,'vcral large 
elongated ones, like the atolls in the Maldiva group ; and these 
again, during long {wriods of subsidence, would sometimes 
become dissevered into smaller atolls. I may mid, that both 
in the Marshall and Caroline Archipelagoes, there arc atolls 
standing close together, which have an evident rclationshij) 
in form : we may suppose, in such cases, cither that two 
or more encircled islands originally stood closa together, and 
afforded bases for two or more atolls, or that one atoll has 
been dissevered. From the {>osition, as well as form, of three 
atolls in the Caroline Archipelago (the Namourrek and Elato 
group), which are placed in an irregular circle, I am strongly 
tempted to believe that they have originated by tlie process 
of disEcvcrmcnl.* 

I he same remark is, perh.ips, applicable to the islands of Ollap, 
Fanadik, and Tamatam in the Caroline Archi|)clago, of which charts 
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Irregularly-formed Atolls . — In the Marshall group, Mus- 
([uillo atoll consists of two loops united in one point; and 
MenchicofF atoll is formed of three loops^ two of which (as may 
be seen in fig. 3. Plate IL) are connected by a mere ribbon- 
shaped reef, and the three together are 60 miles in length. 
In th^ Gilbert group some of the atolls have narrow strips of 
reef, like spurs, projecting from them. There occur also in 
parts of the open sea, a few linear and straight reefs, standing 
by themselves; and likewise some few reefs in the form of 
crescents, with their extremities more or less curled inwards; 
Now, the upward growth of a barrier-reef which fronted only 
one side of an island, or one side of an elongated island with 
its extremities, (of which cases exist,) would produce after the 
complete subsidence of the land, mere strips or crescent or 
hook-formed reefs: if the island thus partially fronted became 
divided during subsidence into two or more islands, these 
islands would be united together by linear reefs ; and from 
the further growth of the coral along their shores together 
with subsidence, reefs of various forms might ultimately be 
produced, either atolls united together by linear reefs, or 
atolls with spurs projecting from them. Some, however, of 
the more simple forms above specified, might, as we have 
seen, be equally well produced by the coral perishing during 
subsidence on part of the circumference of an atoll, whilst on 
the other parts it continued to grow np till it reached the surftice. 

The Great Chagas Bank , — I have already shown that the 
submerged condition of the Great Chagos bank, (Plate II. 
fig. 1 . with its section fig, 2.) and of some other banks in the 
Chagos group, .may in all probability be attributed to the 
coral having perished before or during the movements of subsi- 
dence, to which this whole area by our theory has been sub- 

are given in the atlas of Duperrey’s voyages: a line drawn through the 
linear reefs and lagoons* of these three islands forms a semicircle. 
Consult also, the atlas of Lutk^^’s voyage ; and for the Marshal>group 
tliat of Kotzebue ; for the Gilbert group (which is referred to in the 
ensuing page) consult the atlas of Duperrey s voyage. Most of the 
points here referred to may, however, be seen in Krusenstern’s general 
Atlas of the Pacific. 
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jccicd. The external rim or upper ledge, (shaded in the 
chart,) consists of dead coral-rock thinly covered with sand ; it 
lies at an average depth of l)etween five and eight fathoms, 
and perfectly resembles in form the annular reef of an atoll. 
The banks of the second level, the boundaries of vvhieli arc 
marked by dotted lines in the chart, lie from aliout fift(;cn to 
twenty fathoms beneath the suriace ; they are several miles 
broad, and terminate in a very steep slojie round the central 
expanse. This central expanse I have already described, as 
consisting of a level muddy flat between thirty and forty 
fathoms deep. The banks of the second level, might at first 
sight be thought analagous to the internal ste{v-like ledge of 
coral-rock which borders the lagoons of some atolls, but tht‘ir 
much greater width, and their being formed of sand, are 
j>oints of essential diflferencc. On the eastern side of the atoll 
some of the banks arc linear and parallel, resembling islets 
in a great river, and pointed directly towards a great breach 
on the opposite side of the atoll : these arc l)cst seen in the 
large published chart, I inferred from this circumstance, that 
strong currents sometimes set directly across this va.^t bank ; 
and I have since heard from Capt. Moresby that this is the 
case. I observed, also, that the channels, or breaches through 
the rim, were all of the same depth jis the central lagoon- 
like space into which they lead ; whereas the channels into the 
other atolls of the Chagos group, and as I believe into most 
other large atolls, are not nearly as deep as their bigoons: — 
for instance at Peros Banhos, the cliannels arc only of the same 
depth, namely between 10 and 20 fathoms, as the bottom of tlic 
lagoon for a space about a mile and a half in^width round its 
shores, whilst the central expanse of the lagoon is from 35 to 
40 fathoms deep. Now, if an atoll during a gradual subsidence 
once became entirely submerged, like the (jlrcat Chagas bank, 
and therefore no longer exposed to the surf, very little sedi- 
ment could be formed from it ; and conscijiieutly the chan- 
nels leading into the lagoon from not being filled up with 
drifted sand and coral detritus, would continue increasing in 
depth, as the whole sank down. In this case, we might 
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expect that the currents of the open sea, instead of any longer 
sweeping round the submarine flanks, would flow directly 
through the breaches across the lagoon, removing in their 
coui*sc the finer sediment, and preventing its further accumu- 
lation. We should then have the submerged reef forming an 
cxtenvil and upper rirn of rock, and beneath this portions of 
the sand^' bottom of tlie old lagoon, intersected by dee|>- 
water channels or breaches, and thus formed into separate 
marginal banks; and these would be cut off by steep slopes, 
overhanging the central space, worn down by the passage of 
the oceanic currents. 

IJy these means, I have scarcely any doubt that the Great 
(.'liagos bank has originated, — a structure which at first ap- 
peared to me far more anomalous than any I had met witlj. 
7'hc process of formation is nearly the same with that, 
by which jMahlos JMahdoo has been trisected ; but in the 
Chagos bank the channels of the oceanic currents entering 
at several difterent quarters, have united in a central space. 

This great atoll-fonncd bank appears to be in an early 
stage of disseverment ; should the work of subsidence go on, 
from the submerged and dead condition of the whole reef, 
and the imperfection of the S. E. quarter, a mere wreck would 
j)robably he left. The Pitt's bank, situated not far south- 
ward, appears to be precisely in this state ; it consists of a 
moderately level, oblong bank of sand, lying from 10 to 20 
fathoms beneath the surface, with two sides protected by a 
narrow ledge of rock which is submerged between 5 and 
8 fathoms, A little further south, at about the same distance 
as the southern Vim of the Great Chagos bunk is from the 
northern rim, there arc two other small banks with from 10 
to 20 fxthoins on them ; and not far eastward soundings were 
struck on a sandy bottom, with betweeh 110 and 145 fathoms. 
Ihe northern portion with its Icdge-like margin, closely 
resembles any one segment of the Great cLagos bank, 
between two of the deep-water channels, tind the scattered 
banks southward appear to be the last wrecks of les!^ perfect 
portions. 
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I have examiaed with care the charts of the Indian and 
Pacific oceans, and have now brought before the reader all 
the examples, which I have met with, of reefs differing from 
the type of the class to which they belong ; and I think it 
lias been satisfactorily shown, that they aic all included in 
our theory, modified by occasional accidents which anight 
have been anticipated as probable. In this course we have 
seen, that in the lapse of ages encircling barrier-reefs arc 
occasionally converted into atolls, — the name of atoll being 
properly ajiplicable, at the moment when the hist pinnacle 
of encircled land sinks beneath the surface of the sea* ^^ e 
have, also, seen that large atolls during the progressive 
subsidence of the areas, in whicli they stand, sometimes 
become dissevered into smaller ones; at other times, the 
reef-building polypifers having entirely pcrislied, atolls are 
converted into atoll-formed banks of dead rock; and these 
again, through further subsidence and the accumulalion of 
sediment, modified by the force of the oceanic currents, pass 
into level hanks with scarcely any distingui>hing character. 
Thus may the history of an atoll lx* followed from its first 
origin, tlirough the occasional accidents of its existence, to its 
destruction and final obliteration. 

Objection.^ to t/ir tlivori/ (tf the Jornidfion of Atolls and 
Borrler-rorfs . — The vast amount ot si)h>i(h*ncc, both horizon- 
tally or in area, and vertically or in depth, necessary to 
have submerged every mountain, even the higlicst, through- 
out the immense spaces of oc<*an interspersed with atolls, 
will probably strike most people as a formidable olyection to 
my theory. But as continents, as large as' the spaces sup- 
posed to have subsided, have been raised aliove the level of 
the sea, — as wliolc regions are now rising, for instance, 
in Scandinavia and South America,— and as no reason can 
be assigned, why subsidences sliould riot have occurred in 
some parts of the eartlfs crust on as great a scale both in 
extent and amount as those of elevation, objections of this 
nature strike me as of little force. Tlxi^ remarkable point is, 
that movements to such an extent sliould have taken place 
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Within a period, during which the polypifcrs have continued 
adding matter on and above the same reefs. Another and 
less obvious objection to the theory will perhaps be advanced 
from the circumstance, of the lagoons within atolls and within 
barrier-reefs never having become in any one instance during 
j^rolonged subsidences of a greater depth than 60 fathoms, 
and seldom more than 40 fathoms : but we already admit, if 
the theory be worth considering, that the rate of subsidence 
has not exceeded that of the upward growth of the corals on 
the exterior margin ; wc are, therefore, only further required 
to admit, that the subsidence has not exceeded in rate the 
filling up of the interior spaces by the growth of the corals 
living there, and by the accumulation of sediment. As this 
filling up must take place very slowly within barrier-reefs 
lying far from the land, and within atolls which are of large 
dimensions and wljich have open lagoons with very few reefe, 
we arc led to conclude that the subsidence thus counter- 
balanced, must have been slow in an extraordinary degree ; — 
a conclusion which accords with our only means, namely, 
with wha^ is known of the rate and manner of recent eleva- 
tory movements, of judging by analogy what is the probable 
rate of subsidence. 

In this chapter it has, I think, been shown, that the theory 
of subsidence, which wc were compelled to receive from the 
necessity of giving to the corals, in certain large areas, 
foundations at the requisite depth, explains both the normal 
structure and the less regular forms of those two great classes 
of reefs, which have justly excited the astonishment of all persons 
who have sailed through the Pacific and Indian oceans. But 
further to test the tnith of the theory, a crowd of questions 
will occur to the reader: Do the different kinds of reefe, which 
have been produced by the same kind of movement, generally 
lie within the same areai ? What is their relation of form and 
position, — for instance, do adjoining groups of atolls, and 
the separate atolls in these groups, bear llie same relation 
to each other which islands do in common archipelagoes? 
Have we reason to believe, that where there are fringing 
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tee&f there has not lately been subsidence ; or, for it is almost 
our only way of ascertaining this [H)int, are there frequently 
proofs of recent elevation ? Can we by this means account 
for the presence of certain classes of reefs in some large areas, 
and tlreir entire absence in others ? Do the areas which have 
subsided, as indicated by the presence of atolls and biirrier- 
reefs, and the areas which have remained stationary or have 
been upraised, as shown by fringing-reefs, bear any determinate 
relation to each other; and are the dimensions of these areas 
such as harmonize with the greatness of the subterranean 
changes, which, it must be supposed, have lately taken place 
beneath them ? Is there any connection between the move- 
ments thus indicated, and recent volcanic action? — All these 
questions ought to receive answers in accordance with the 
theory ; and if this can be satisfactorily shown, not only is the 
theory confirmed, but as deductions, the answers arc in them- 
selves important Under this latter jioint of view, these 
questions will be chiefly considered in the following chapter.* 


• r may take this opportunity of hriertv (’on'^iv1ering the appearances, 
which would probably be presented by a vertical and deep section 
across a coral formation (referring chietlv to an atoll) formed l>y the 
upward growth of coral during suceissive siibsiileiices. Tbi^ is 
subject worthy of attention, as a means of comjiarison witli ancient 
coral strata. The circumferential parts would consist of massive sju'- 
cies, in a vertical jxisition, witii their intersliet's filled up with detritus; 
but this would be the part most subject to subserjuerit denudation and 
removal. It is useless to speculate how' largo* a j>roportion of the 
exterior annular n^ef would consist of u])right coral, and how^ much of 
fragmentary rock, for this would depend on many eontingenci<*s,— s\ich 
as oil the rate of sulisidence, occasionally allowin;^ a fresh growth of 
coral to cover the whole surface, and on the l^reakers liaving force sufli- 
cient to throw fragments over this same space. The conglomerate which 
comiK)scs the base of the islets, would (if not removed by denudation 
togetlicr with the exterioi^ reef on which it rests) he conspicuous from 
the^sizo of the fragments, —the difTcrent fl(-grees in which they have 
been rounded,— the presence of fragments of conglomerate torn up 
rounded and recem^mted,— and from the oblicpie stratification. The 
corals which lived in the lagoon -reefs at each successive level, would 
be preserved upriglit, and they would consist of many kinds, generally 
much branched. In this part, however, a very large proportion of 

2 
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the rock (and in some cases nearljr all of it) would be formed of 
sedimentary matter, either in an excessively fine, or in a modemtel/ 
coarse state, and with the particles almost blended together. The con- 
glomerate which was formed of rounded pieces of the branched corals, 
on tile shores of the lagoon, would differ from that formed on the islets 
and derived from the outer coast ; yet both might have accumulated 
very near each other. I have seen a conglomerate limestone from 
Devon^iire like a conglomerate now forming on the shores of the 
Maldiva atolls. The stratification taken as a whole, would be hori- 
zontal j but the conglomerate beds resting on the exterior reef, and the 
beds of sandstone on the shores of the lagoon (and no doubt on the 
external flanks) would probably be divided (as at Keeling atoll and at 
Mauritius) by numerous layers dipping at considerable angles in 
different directions. The calcareous santlstone and coral rock w^ould 
almost necessarily contain innumerable shells, echini, and the bones of 
fish, turtle, and perhaps of birds ; possibly, also, the bones of small 
saurians, as these animals find their way to the islands far remote from 
any continent. The large shells of some species of Tridacna would be 
found vertically imbedded in the solid rock, in the position in which 
they lived. We mig4it expect, also, to find a mixture of the remains of 
pelagic and littoral animals in the strata formed in the lagoon, for 
pumice and llic seeds of plants are floated from distant countries into 
the lagoons of many atolls : on the outer coast of Keeling atoll, near 
the moutli,of the lagoon, the ca.se of a pelagic Pteropodous animal was 
brought uj) on the arming of the sounding lead. All the loose blocks 
of coral on Keeling atoll were burrowTd by vermiform animals; and 
as every cavity, no doubt, ultimately becomes filled with spathose 
limestone, slabs of the rock taken from a considerable depth, would, if 
polished, probably exhibit the excavations of such burrowing animals. 
The conglomerate and fine-grained beds of coral-rock would be hard, 
sonorous, white, and composed of nearly pure calcareous matter: in 
some few parts, judging from the specimens at Keeling atoll, they 
would probably contain a small quantity of iron. Floating pumice and 
scoriee, and occasionally stones transported in the roots of trees (see 
my Journal of Resibarches, p. 549) appear the only sources, through 
which foreign matter is brought to coral-formations standing in the 
open ocean. The area over which sediment is transported from coral- 
reefs must be considerable : Capt. Moresby informs me that during the 
change of monsoons, the sea is discolourecf to a considerable distance 
off the Maldiva and Chagos atolls. The sediment off fringing ^and 
barrier coral-reefs must be mingled with the mud, which is brought 
down from the land, and is transported seaward ^Jirough the breaches, 
which occur in front of almost every valley. If the atolls of the larger 
nrchipelagoos were upraised, the bed of the ocean being converted into 
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Umd, they woald form flaUtopped mountains, varying in diameter from 
a few miles (the smallest atoUs being worn away) to sixty miles ; and 
ftoin being horizontally stratified and of similar compositioni they would, 
as Mr. Lyell has remarked, falsely np|>€ara5 if they had originally been 
nnited into one vast continuous mass. Such great strata of coral-rock 
would rarely be associated with erupted volcanic matter, for this could 
only take place, as may be inferred from what follows in the next 
chapter, when the area, in which they were situated, coinmAiced to 
rise, or at least ceased to subside. During the enormous period neces- 
sary to effect an elevation of the kind just alluded to, the surface would 
necessarily be denuded to a great thickness ; hence it is highly impro- 
bable that any fringing-reef, or even any harrier-reef, at least of those 
encircling small islands, would be preserved. From this same cause, 
the strata which were formed within the lagoons of atolls and lugoon- 
channcls of barrier-reefs, and which must consist in a large part of 
sedimentary matter, would more often be preserved to future ages, than 
the exterior solid reef, composed of massive corals in an upright 
position; although it is on this exterior part, that tlic present existence 
and further growth of atolls and barrier-reefs entirely dejKiud. 



119 


CHAPTER VI. 

ON THE DISTRIBUTION OF CORAL-REEFS WITH REFERENCE TO 
THE THEORY OF THEIR FORMATION. 

Description of the coloured map — Proiimity of atolls and harrier-reefs — 
Relation in fo)'m and position of atolls with ordinary islands — Direct 
evidence of subsidence difficult to he detected — Proofs of recent elevation 
tvhen fringing reefs occur — Oscillations of level— Absence of active 
volcanos in the areas of subsidhice — Immensity of the areas which have 
been derated and have subsided — Their relation to the present diUrx- 
bution of the land— Areas of subsidence elongated^ their intersection 
and alternation fbilh those of elevation — Amounty and slow rate of the 
subsidence — R ecapitulation. 

It will be convenient to give here a short account of the ap- 
pcndecf map (Plate III.); a fuller one, with the data for 
colouring each spot, is reserved for the Appendix; and every 
place there referred to may be found in the Index. A larger 
chart would have been desirable; but, small as the adjoined 
one is, it is the result of many months’ labour. I have con- 
sulted, as far as I was able, every original voyage and map ; 
and the colours were first laid down on charts on a lai^er 
scale. The same blue colour, with merely a difference in the 
depth of tint, is used for atolls or lagoon-islands, and barrier- 
reefs ; for we have seen, that as far as the actual coral-forma- 
tion is concerned, they have no distinguishing character. 
Fringing-reefs have been coloured red, for between them on 
the one hand, and barrier-reefs and 'atolls on the other, there 
is an important distinction with respect to the depth beneath 
the surface, at which we arc compelled to believe their foun- 
dations lie. The two distinct colours, therefore, mark two 
great tyj)cs of structure. 
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The dark blue colour represents atolls and submerged aniui* 
lar ree&5 with deep water in their centres. I have coloured 
as atolls, a few low and small coral-islands, without lagoons ; 
but this has been done only when it clearly apjHjared that they 
originally contained lagoons, since filled up with sediment : 
when there were not good grounds for this belief, they have 
been left iincoloured. 

The pale blue colour represents barrier-reefs. The most 
ol)vious character of reefs of this class is the broad and deep- 
water moat within the reef; but this, like the lagoons of small 
atolls, is liable to become filled up with detritus and with reefs 
of delicately-branched ct)ruls : when, therefore, a reef rouud the 
entire circumference of an island extends very far into a [>n)- 
foundly deep sea, so that it can hardly he confounded witli a 
fringing-reef which must rest on a foundation of rock within 
a small depth, it has been coloured pale blue, allhougli it does 
not include a deep-water moat: but thi^ has only been done 
rarely, and each case is distinctly mentioned in the Appendix. 

Tile red colour represents reefs, fringir.g the land (juitc 
closely where the sea is deep, and where the bottom is gently 
inclined extending to a moderate distance from it, but not 
having a deep-water moat or lagoon like spac(‘ parallel to the 
shore. It must be remembered tlial fringing reefs are fre- 
(jucntly breached in front of rivers and vallevs by deepIsU 
channels, where mud has been deposited. A space of 30 miles 
in width has been coloured rouml or in front of the reefs 
of each class, in order that the colours might be conspicuous 
on the appended map, which is reduced to so small a scale. 

The vermilion spots, and streaks, represent volcanos now in 
action, or historically known to have been so. Tliev are 
chiefly laid down from Von Bach's woik ou the ('anary Is- 
lands; and my reasons for making a few alterations arc given 
in the note below.* 

♦ I have also made considcraldc use of the K^ological part of Bcrg- 
haus’ Physical Allas. Beginninjr at tlie rasUTn side of the Pacific, I 
have added to the nutr>^>cr of the volcanos in the southern part of the 
Cordillera, and have coloured Juan Fernandez according to obseiTations 
collected during the voyage of the ({j^-ol. Trans, vol. v. p. 601.) 
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The uncohured coasts consist, first and chiefly, of those, 
where there are no coral rce6, or such small portions as to be 
quite insignificant. Secondly, of those coasts where there are 

I have added a volcano to Albemarle Island, one of the Galapagos 
Archipelago, (the author’s Journal of Hescarches, p. 457). In the 
Sandwich group there are no active volcanos, except at Hawaii ; but the 
Hev. W. Ellis informs me, there are streams of lava apparently modern 
on Maui, having a very recent appearance, which can be traced to the 
craters whence they flowed. The same gentleman informs me, that 
there is no reason to believe that any active volcano exists in the 
Society Archipelago ; nor are there any known in the Samoa or Navigator 
group, although some of the streams of lava and craters there appear 
recent. In the Friendly group, the Rev. J. Williams says (Narrative of 
Missionary Enterprise, p. 29) that Toofoa and Proby Islands are active 
volcanos. I infer from Hamilton’s Voyage in the Pandora (p. 95), that 
Proby Island is synonymous with Onouafou, but I have not ventured 
to colour it. There can be no doubt respecting Toofoa ; and Captain 
Edwards (Von Buch, p. 380) found the lava of a recent eruption at 
Amargura still smojving. Berghaus marks four active volcanos actually 
within the Friendly group; but I do not know on what authority: 
1 may mention that Maurelle describes Latte as having a bumt-up 
appearance : I have marked only Toofoa and Amargura. South of the 
New Hebrides lies Matthews Rock, which is drawn and described as an 
active crater in the voyage of the Astrolabe. Between it and the 
volcano on the eastern side of New Zealand, lies Brimstone Island, 
which from tlie high temperature of the w^ater in the crater, may be 
ranked as active. (Berghaus Vorbemerk. IL Lief. S. 56). Malte 
Brun, vol. xii. p, 231, says that there is a volcano near port St, Vincent 
in New Caledonia. 1 believe this to be an error, arising from a smoke 
seen on tlie ojyposite coast by Cook \^::nd voyage, vol. ii. p. 23) w’hich 
smoke went out at night. The Mariana Islands, especially the northern 
ones, contain many craters (see Freycinet’s Hydrog. Descript.) which 
are not active. Von Buch, however, states (p. 462) on the authority of 
La Pc} rouse, that there are no less than seven volcanos between these 
islands and Japan. Gcmelli Careri (Churchill’s Collect, vol. iv. p.458), 
says there are two active volcanos in lat, 23°30' and in lat. 24°; but I 
have not coloured them. From the statements in Beechey’s Voyage 
(p. 518, 4to edit.) I have coloured one in the northern part of the 
Bonin group. M. S. Jullen has clearly made out from Chinese manu- 
scripts not very ancient, (Comptes Rendus, 1840, p. 832), that th%re are 
two active volcanos on the eastern side of Fornmsa, In Torres Straits, 
on Cap Island (IP 48' S. 142° 39' E.) a volcano was seen burning with 
great violence in 1793 by Capt. Bampton (see Introduclioifto Flinders’ 
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reefi^ but where the aea is very shallow, for in this case the 
reels generally lie far from the land, and become very irregular 
in their forms ; where they have not become irregular, they 
have been coloured. Thirdly, if I had the means of ascer- 
taining the fact, I should not colour a reef merely coating the 
edges of a submarine crater, or of a level submerged bank ; 
for such superficial formations differ essentially, even •when 
not in external appearance, from reefs whose foundations as 
well as superficies have been wholly formed by the growth 
of coral. Fourtlily, in the Red Sea, and within some 
parts of the East Indian Archipelago, (if the imjierfcct charts 
of the latter can be trusted,) there arc many scattered reefs, 
of small size, represented in the chart by mere dots, which 
rise out of deep water: these cannot be arranged under cither 
of the three classes : in the Red Sea, however, some of these 
little reefs, from their position, seem once to have formed 
parts of a continuous barrier. There exist, ;Uso, scattered in 
the open ocean, some linear and irregularly-formed strips of 
coral-reef, which, as shown in the last chapter, arc probably 
allied in their origin to atolls ; but as they do not belong 
to that class, they have not been coloured ; they itre very 
lew in number, and of insignificant dimensions. Lastly, 

Voyage, p. 41). Mr. M‘CleUand (Ueport of Committee for investi- 
gating Coal in India, p. 39) has shown (hat the volcanic hand passing 
through Barren Island must be extended nortluvnrds. It app'ars hy 
an old chart, that Cheduba was once an active volcano ; (See also Silli- 
man’s North American Journal, vol. xxxviii. p. :K'>.) In Berghaus* 
Phys. Atljis, 1840, No. 7 of Geological Part, a volcano on the coast of 
Pondicherry is said to have burst forth in I7'>7. Ordinaire (Hist. Nat. 
des Volcans, p. 218) says that there is one at the mouth of the Persian 
Gulf, but I have not coloured it, as he gives no particulars. A volcano 
in Amsterdam, or St. Paul’s, in the southern part of the Indian Ocean, 
has been seen (Naut. Mag. ia38, p. 842) in action. Dr. J. Allan, of 
Forres, informs me in a lettr^r, that when he was at Joanna, he saw at 
night flames, apparently volcanic, issuing frorfitlte chief Comoro Island, 
and that the Arabs assured him that they were volcanic, adding that the 
volcano burned more during the wet season. I have marked this as a 
volcano, though with iome hesitation, on account of the iKwsibility of 
the flame arising from gaseous sources. 
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some reefs are left uncoloored from the want of information 
respecting them, and some because they are of an interme- 
diate structure between the barrier and fringing classes. The 
value of the map is lessened, in proportion to the number of 
reefs which 1 have been obliged to leave nncoloured, although, 
in a theoretical point of view, few of them present any great 
difffculty: but their number is not very great, as will be 
found by comparing the map with the statements in the Ap- 
pendix. I have experienced more difficulty in colouring 
fringing-reefe than in colouring barrier-reefe, as the ffirmer, 
from their much less dimensions, have less attracted the atten- 
tion of navigators. As I have had to seek my information from 
all kind of sources, and often from indirect ones, I do not 
venture to hope that the map is free from many errors. 
Nevertheless, I trust it will give an approximately correct 
view of the general distribution of the coral-reefr over the 
whole world, (with the exception of some fringing-reefr on 
the coast of Brazil, not included within the limits of the map,) 
and of their arrangement into the three great classes which, 
though necessarily very imperfect from the nature of the 
object's classified, have been adopted by most voyagers. I 
may further remark, that the dark blue colour represents 
land entirely composed of coral-rock; the pale blue, land 
with a wide and thick border of coral-rock ; and the red, a 
mere narrow fringe of coral-rock. 

Looking now at the map under the theoretical point of 
view indicated in the last chapter, the two blue tints signify 
that the foundations of the reefs thus coloured have subsided 
to a considerable amount, at a slower rate than that of the 
upward growth of the corals ; and that probably in many cases 
they are still subsiding. The red signifies that the shores 
which support fringing-reefs have not subsided (at least to 
any considerable amount, for the ejects of a subsidence on a 
small scale would in no case be distinguishable) ; but that they 
have rchaained nearly stationary since the period when they 
first became fringed by reefe ; or that S»ey are now rising or 
have been upraised, with new lines of reefs 'successively 
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formed on tliem : these latter alternatives are obviously im- 
plied, as newly-fonncd lines of shore, after elevations of the 
land, would be in the same state with respect to the growth of 
fringing-recfe, as stationary coasts. If during the prolonged 
subsidence of a shore, coral-reefs grew for the first time on it, 
or if an old barrier-reef were destroyed and submerged, and 
new reefs became attached to the land, these would necess&rily 
at first belong to the fringing class, and, therefore, be coloured 
red, although the coast wiis sinking: but I have no reavSon 
to believe, that from this source of error, any coast hits 
been coloured wrongly with respect to movement indicated. 
Well characterized atolls and encircling barrier reefs, where 
several occur in a group, or a single barrier-reef if of large 
dimensions, leave scarcely any doubt on the mind respecting 
the movement by which they have been produced ; and even 
a small amount of subsequent elevation is soon betrayed. 
The evidence from a single atoll, or a single •encircling bar- 
rier-reef, must be received with some caution, for the former 
may possibly be based upon a submerged crater or bank, 
and the latter on a submerged margin of sediment, or of • 
worn-down rock. From these remarks wc may with greater 
certainty infer that the spaces, es[)eclally the larger ones, 
tinted blue in the map, have subsided, tlian that the red 
s]>accs have remained stationary, or have !)cen upraised. 

On the (jroiqmig of the different classes of reefs, — Having 
made these preliminary remarks, 1 will consider first how far 
the grouping of the dilforent kinds of coral-islands and reels 
is corroborative of the truth of the theory. A glance at the 
map shows that the reefs, coloured blue and red, produced 
under widely different conditions, are not indiscriminately 
mixed together. Atolls and barrier-reefs, on tlie other hand, 
as may be seen by the two blue tints, generally lie near each 
other; and this would be^the natural result of both having 
been produced during the subsidence of the arcfis iu which they 
stand. Thus, the largest group of encircled islands is that of 
the Society Archipcl(igo ; and these islands arc surrounded 
by atolls, afid only separated l)y a narrow space from the 



DIFFERENT CLASSES OF REEFS. 


125 


large group of Low atolls. In the midst of the Caroline atolls, 
there are three fine encircled islands. The northern point of 
the barrier-reef of New Caledonia seems itself, as before re- 
marked, to form a complete large atolL The great Austra- 
lian barrier is described as including both atolls and small 
encircled islands, Capt. King* mentions many atoll-formed 
and encircling coral-reefs, some of which lie within the bar- 
rier, and others may be said (for instatice between lat 16® 
and 13®) to form part of it. Flindersf has described an atoll- 
formed reef in lat. 10®, seven miles long and from one to 
three broad, resembling a boot in shape, with apparently very 
deep water within. Eight miles westward of this, and form- 
ing part of the barrier, lie the Murray Islands, which are high 
and are encircled. In the Corallian sea, between the two 
great barriers of Australia and New Caledonia, there are 
many low islets and coral-reefs, some of which arc annular, 
or horse-shoe sBaped. Observing the smallness of the scale 
of the map, the parallels of latitude being 900 miles apart, we 
see, that none of the large groups of reefs and islands sup- 
posed to have been produced by long-continued subsidence, 
lie near extensive lines of coast coloured red, which are 
supposed to have remained stationary since the growth of 
their reefs, or to have been upraised and new lines of reefs 
formed on them. Where the red and blue circles do occur 
near each other, I am able, in several instances, to show that 
there have been oscillations of level, subsidence having pre- 
ceded the elevation of the red spots; and elevation having pre- 
ceded the subsidence of the blue spot5; and in this case the juxta- 
position of reefs belonging to the two great types of structure, 
is little surprising. We may, therefore, conclude that the 
proximity in the same areas of the two classes of reefs, which 
owe their origin to the subsidence of the earth’s crust, and 
their separation from those formeS during its stationary or 
uprising condition, holds good to theVull extent, whicK might 
have been anticipated by our theory. 

♦ Sailing Directions, appended to vol. ii. oT his Surveying Voyage 
to Australia. 

t Voyage to Terra Australis, vol. ii, p. 336. 



126 THE GROUPING OF ATOl.1.8. [CUAP. VI. 

As groups of atolls have originated in Uie upward growth, 
at each fresh sinking of the land, of those reefs which prima- 
rily fringed the shores of one great island, or of several smaller 
ones; so we might expect that these rings of coral-rock, like 
so many rude outline charts, would still retain some traces of 
the general form, or at least general range, of the land, refund 
which they were first modelled. That this is the case with 
the atolls in the Southern Pacific as far as their range is con- 
cerned, seems highly probable, when \vc observe that the 
three principal groups are directed in N.W. and S.E. lines, 
and that nearly all the land in the S, Pacific nuiges in this 
same diicction ; namely, N. Western Australia, New Cale- 
donia, the northern half of New Zealand, the New Hebrides, 
Saloman, Navigator, Society, Marquesas, and Austral archi- 
pelagoes ; in the Northern Pacific, the Caroline atolls abut 
against the N.W, line of the Marshall atolls, much in the 
same manner as the E. and W. line of islands Trom C/cram to 
New Britain do on New Ireland: in the Indian Ocean the 
Laccadive and Maldiva atolls extend nearly parallel to the 
western and mountainous coast of India. In most respects, ^ 
there is a perfect resemblance with ordinary islands in the 
grouping of atolls and in their form : thus the outline of all 
the larger groups is elongated; and the greater number of 
the individual atolls arc elongated in the same direction 
with the group, in which they stand. The Chagos group is 
less elongated than is usual with other groups, and the indi- 
vidual atolls in it arc likewise but little elongated; this is 
strikingly seen by comparing them with the neighbouring 
Maldiva atolls. In the Marshall and Maldiva archipelagoes, 
the atolls are ranged in two parallel lines, like the mountains 
in a great double mountain-chain. Some of the atolls, in the 
larger archipelagoes, stand so near each other, and have such 
an evident relationship in form, that they compose little sub- 
groups; in the Caroling Archipelago, one such sub-group 
consists of Pouynip^c, a lofty island encircled by a barrier- 
reef, and separated by a channel only four miles and a half 
wide from Andeema atoll, with a second atoll a little further 
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off. In all those respects an examination of a series of charts 
will show how perfectly groups of atolls resemble groups of 
common islands. 

On the direct evidence of the blue spaces in the map having 
subsided during the upward growth of the reefs so cohmr^y and 
of tlie red spaces having remained stationary y or having been 
upraised, — With respect to subsidence, I have shown in the 
last chapter, that we cannot expect to obtain in countries 
inhabited onl}^ by semi-civilized races, demonstrative proo& of 
a movement, which invariably tends to conceal its own evi- 
dence. But on the coral-islands supposed to have been pro- 
duced by subsidence, we have proofs of changes in their ex- 
ternal appearance — of a round of decay and renovation — of 
the last vestiges of land on some — of its first commence- 
ment on others : we hear of storms desolating them to the 
astonishment of their inhabitants : we know by the great fis- 
sures with whith some of them arc traversed, and by the 
earthquakes felt under others, that subterranean disturbances 
of some kind are in progress. These facts, if not directly 
connected with subsidence, as I believe they are, at least 
show how difficult it would be to discover proofs of such 
movement by ordinary means. At Keeling atoll, how^ever, 

I have described some appearances, which seem directly to 
show that subsidence did take place there during the late 
earthquakes. Vanikoro, according to the Chevalier Dillon,’* 

* See Capt. Dillon’s Voyage in search of La Peyrouse. M. Cordier 
in his Report on the Voyage of the Astrolabe, (p. cxi. vol. i.) speaking 
of Vanikoro, says the shores are surrounded by reefs of madrepore, 

“ qti'on asaure eire de formation tout-afail modeme.*' I have in vain 
endeavoured to learn some further particulars about this remarkable pas- 
sage. I may here add, that according to our theory, the island of Pouy- 
nip^te, (PI. I. fig. 7.) in the Caroline Archipelago, being encircled by a 
barrier-reef, must have subsided. In the N ew S. Wales Lit. Advert. Feb. 
1835, (which I have seep through the fa^ur of Dr. Lloghtsky,) there is 
an account of this island, (subsequently co^rmed by Mr. Campbell,) in 
which it is said, ** At the N.E, end, at a plfce called Tamen, mere are 
ruins of a town, wow? accessible by boats, thd^aves reaching to the steps 
of the houses.^' J udging from this passage, one would be tempted to con- 
clude (hat the island must have subsided, since these houses were built. 

I may, also, here append a statement in Malte Brun, (vol. ix. p. 775, given 
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is often violently shaken by earthquakes, and there, the un- 
usual depth of the channel between the shore and the reef, — 
the almost entire absence of islets on the reef, — its wall-like 
structure on the inner side, and the small quantity of low 
alluvial land at the foot of the mountains, all seem to show 
that this island has not remained long at its present level, 
with the lagoon-channel subjected to the accumulation of 
sediment, and the reef to the wear and tear of the breakers. 
At the Society Archipelago, on the other hand, where a slight 
tremor is only rarely felt, the shoalness of the lagoon channels 
round some of the islands, the number of islets formed on the 
reefs of others, and the broad belt of low land at the foot of 
the mountains, indicate that, although there must have been 
great subsidence to have produced the barrier-reefs, there has 
since elapsed a long stationary period.^ 

without any authority,) that the sea gains in an cxtiaonlinary manner 
on the coast of Cochin China, which lies in front aiul near the subsiding 
coral-reefs in the China Sea : as the coast is granitic, and not alluvial, it 
is scarcely possible that the encroachment of the sea can heo>Ning to 
the wjishing away of the land; and if so, it must be dut* to subsidtuice. 

♦ Mr. Coutbouy states, (Remarks, p. 4-1,) tliat at Tahiti ami Kirneo 
the space between the reef and the shore has been nearly tilled up by 
the extension of those coral-reefs, \vhich within most barrier-reefs 
merely fringe the land. From this circumstance, he arrives at tlte same 
conclusion as I have done, that the Society Islands since their sub- 
sidence have remained stationary during a long ]>eriod ; but he further 
believes that they have recently commenced rising, as well ns the whole 
area of the Low Archipelago. He does not give anv detailed proofs 
regarding the elevation of the S«)ciety islands, but I siiall refer to this 
subject in another part of this chai>ter. Before making some further 
comments, I may observe how satisfactory it is to me, to find A\Ir. 
Couthouy afiirming, that “having personally examined a large number 
of coral-islands, and also residing eight months among the volcanic 
chisfi, having shore and partially encircling reefs, I may be permitted to 
state that my own observatioi# have impressed a conviction of the cor- 
rectness of the theory of Mr^arwin.” 

This ‘gentleman believe^, ^ that subsequently to the subsidence by 
which the atolls in the. Low Archipelago were produced, the whole 
area has been elevated tA the amount of a few feet : this would indeed 
be a remarkaWe fact ; but as far a.s I am able to judge, the grounds of 
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Turning now to the red colour; as on our map, the areas 
which have sunk slowly downwards to great depths are many 

his conclusion are not sufficiently strong. He states that he found in 
almost every atoll which he visited, the shores of the lagoon raised 
from 18 to 30 inches above the sea-level, and containing imbedded 
Tridacnee and corals standing as they grew ; some of the corals were 
dead irf their upper parts, but below a certain line they continued to 
flourish. In the lagoons, also, he frequently met with clusters of 
madrepore, with their extremities standing from one inch to a foot 
above the surface of the water. Now, these api)carances are exactly 
what I should have expected, without any subsequent elevation having 
taken place ; and I think Mr, Couthouy has not borne in mind the in- 
disputable fact, that corals, when constantly bathed by the surf, can 
exist at a higher level than in quite tranquil water, as in a lagoon. As 
long, therefore, as the waves continued at low water to break entirely 
over parts of the annular reef of an atoll, submerged to a small depth, 
the corals and shells attached on these parts might continue living at a 
level above the smooth surface of the lagoon, into which the waves 
rolled j but as soon jis the outer edge of the reef grew up to its utiiuyst 
possible height, or if the reef were very broad nearly to that height, the 
force of the breakers would be checked, and the corals and shells ou 
the inner parts near the lagoon would occasionally be left dry, and thus 
be partialjy or wholl}" destroyed. Even in atolls, which have not 
lately subsided, if the outer margin of the reef continued to increase in 
breadth seaward, (each fresh zone of corals rising to the same vertical 
height as at Keeling atoll,) the line where the waves broke most 
heavily would advance outwards, and therefore the corals which, w^hen 
living near the margin, w'ere washed by the breaking waves during 
tlie whole of each tide, w^ould cease being so, and w’ould therefore be 
left on tlie backward part of the reef standing exposed and dead. The 
case of the madrepores in the lagoons w ith the tops of their branches 
exposed, seems to be an analogous fact, to the great fields of dead but 
upright corals in the lagoon of Keeling atoll; — a condition of things 
which I have endeavoured to show, has resulted from the lagoon having 
become more and more enclosed and choked up wdth reefs, so that 
during high winds, the rising of the tide (as observed by the inhabitants) 
is checked, and the corals, which had formerly grown to the greatest 
possible height, are occasionally exposed, Ind thus are killed : and 
this is a condition of things, towards which ^rnost every atoll in the 
intervals of its subsidence must be tending, if we look to\he 
state of an atoll directly after a subsidence of son* fathoms, the waves 
w ould roll heavily over the entire circumference m the ree^ and the 
surface of the lagoon w^ould like the ocean never be quite at rest, and 

K 
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rii 4 iRigPf WO might naturally have been led to conjecture, 
that vrith such great changes of level in progress, the coasts 
which have been fringed probably for ages, (for wc have no 
reason to believe tliat coral-rcefe are of short duration,) would 
not have remained all this time stationary, but would fre- 
quently have undergone movements of elevation. This 8uj>- 
position, wc shall immediately sec, holds goml to a remarkable 
extent; and although a stationary condition of the land 
can hardly ever be open to proof, from the evidence being 

therefore the corals in tlie lagoon, from being constantly laved by the 
rippling water, might extend their branches to a little greater height 
than they could, when the lagoon became enclosed and protected. 
Christmas atoll, (2^ North lat.) which has a very shallow' lagoon, and 
differs in several respects from most atolls, possibly may have l>een 
elevated recently ; but its highest part appears (Conthoiiy, p. 4r)) to he 
only ten feet above the sca-level. The facts of a second class, addticed 
by Mr. Couthouy, in support of the alleged recent elevation of the 
Low Archipelago, are not all (csj)ccially those referring to a shelf of 
rock) quite intelligible to me : he believes that certain enormous frag- 
ments of rock on the reef, must have been moved into (heir present 
position, when the reef was at a lower level ; hut here again the force 
of the breakers on any inner point of the reef being dirninkihed by its 
outward growth without any change in its level, has not, 1 think, been 
home in mind. We should, also, not overlook the occasional agency 
of weaves caused by cartinpiakcs and hurricanes. .Mr. Couthouy further 
argues, that since these great fragments were depositi d and fixed on the 
reef, they have been elevated; he infers this from the greatest amount 
of erosion not being near their bases, wlicre tin v are unccrtsingly 
washed by the reflux of the tides, but at some height on their sides, 
near the line of high-w'ater mark, as shown in an accompanying dia- 
gram. My former remark again applies liere, with this fiirtlier obser- 
vation, that as the weaves have to roll over a wide space of reef before 
they reach the fragments, their force must be greatly increased with 
the increasing depth of water as the tide rises, and tiiercfore I should 
have expected that the chief line of present (Erosion would have 
coincided with the line of high-water mark ; and if the reef htul grown 
outwards, that there wotld have been lines of erosion at greater 
heights. The conclus^, to which I am finally led by the interesting 
observations of Mr. CfClhouy, is, (hat the atolls in the Low Archipelago 
have, like the So^ty Islands, remained at a stationary level for a 
long peried : and this probably is the ordinary course of events, subsi- 
dence supervening after long intervals of rest. 
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only negative, we are, in some degree, enabled to ascertain the 
correctness of the parts coloured red on the map, by the direct 
testimony of upraised organic remains of a modern date. 
Before going into the details on this bead, (printed in small 
type,) I may mention, that when reading a memoir on coral 
formations by MM. Quoy and Gaimard,* I was astonished to 
find, for I knew that they had crossed both the Pacific and 
Indian oceans, that their descriptions were applicable only to 
reefs of the fringing class ; but my astonishment ended satis- 
factorily, when I discovered that, by a strange chance, all the 
islands which these eminent naturalists had visited, though 
several in number, — namely, the Mauritius, Timor, New 
Guinea, the Mariana and Sandwich Archipelagoes, could be 
shown by their own statements to have been elevated within 
a recent geological era. 

In tho eastern half of the Pacific, the Sandwich Islands are all 
fringed, and almost every naturalist who has visited them, hrs 
remarked on the abundance of elevated corals and shells, apparently 
identical wjth living species. The Rev. W. Ellis informs me, that 
he has noticed round several jiarts of Hawaii, beds of coral- detritus, 
about twenty feet above the level of the sea, and where the coast is 
low they extend far inland. Upraised coral-rock forms a consider- 
able part of the borders of Oahu ; and at Elizabeth Islandf it com- 
poses three strata, each about ten feet thick. Nihau, which forms 
the northern, as Hawaii does the southern end of the group, (350 
miles in length) likewise seems to consist of coral and volcanic rocks. 
Mr. Couthouy^: has lately described with interesting details, several 
upraised bcaclies, ancient reefs with their surfaces perfectly preserved, 
and bods of recent shells and corals, at the islands of Maui, Mo- 
rokai, Oahu and Tauai (or Kauai) in this group, Mr. Pierce, an in- 
telligent resident at Oahu, is convinced, from changes which have 
taken place within his memory, during the last sixteen years, that 
the elevation is at present going forward at % very perceptible rate/’ 


• Annales des Sciences Nat, tom. vi. p. 279, 
t Zoology of Capt. Beechey’s Voyage, p. 176. 
and Gaimard in Annales des Scien. Nat. tom. vi. 
t Remarks on Coral Formations, p, 51, 
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The natives at Kauai state that the land is there gening rapidly on 
the sea ; and Mr, Couthouy has no dcniht, from tho nature of the 
strata, that this has been effected by an elevation of the land. 

In the southern part of the Low Archipelago, Elizabc^th Island is 
described by Capt. Becchey,* as being quite flat, and about eiglity 
feet in height; it is entirely composed of dead corals, fonning a 
honeycombed, but compact rock. In cases like this, of an island 
having exactly tlie appearance, whicli the elevation of any one of the 
smaller surrounding atolls with a shallow lagoon wouhl present, ono 
is led to conclude (with little better reason, however, than the impro- 
bability of such sniall and low fabrics lasting, for an immense jx'riod, 
exposcnl to the many destroying agents of nature), that the elevation 
has taken place at an epoch not geologically remote. When merely 
the surface of an island of ordinary formation is strewed with 
marine- bodies, and that continuously, or nearly so, from the beach 
to a certain height, and not above that height, it is exceedingly 
improbable that such organic remains, altbougb they may not have 
been specifically examined, should belong to an^ ancient period. It 
is necessary to bear these remarks in mind, in considering the 
evidence of the elovatory luovemeuts in the Pacific and Indian 
Oceans, as it d(K*s not often rest on specific determinations, and tltere- 
fore should be received with cautiou. »Six of the Cook a\i(l Aut^frul 
Islands (S. VV^ of the Society group), are fringed ; of these, five were 
described to me by the Rev, J, VV^illiarns, as formed of conil-rock, 
(associated with some basalt in Mangaia), and tlu* sixth as lofty and 
basaltic. Mangaia is nearly 300 feet high, with a level summit; 
and according to Mr. S. Wilson f it is an upraised reef ; “and tliero 
are in the central hollow, formerly the bed of the lagoon, many 
scattered patches of coral-rock, some of them raised to a licight of 
forty f(?et.” These knolls of coral-rock were evidently once 8ej>arate 
r^efs in the lagoon of an atoll. Mr. Martens, at Sydn(;y, infonned 
me that this island is surrounded by a terrace-like jjlain at ab<»ut 
the Iieiglit of a hundred feet, which probably marks a pause in 
its elevation. From these facts we may infer, perhaps, that the Cook 
and Austral Islands have been uphcavcKl at a period probably not 
very remote. 

Savage Island (S. F. of the Friendly’group), is about forty feet 
in )u'ight, FursteriJ^lcscribcs tlie plants as already growing out of 

* Becchey’s Voj^^ge in the Pacific, p. 46, 4to. edition. 

t Coutliouy’8 Remarks, p. 34. 

t Observations made during Voyage round the World, p. 147. 
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the dead, but still upright and spreading trees of coral; and the 
younger Forster* believes that an ancient lagoon is now represented 
by a central plain : here we cannot doubt that the elevatory forces 
have recently acted. The same conclusion may be extended, tliough 
with somewhat less certainty, to the islands of the Friemlly Group^ 
which have been well described in the second and third voyages of 
Cook. •The surface of Tongatabou is low and level, but with some 
parts a hundred feet high ; the whole consists of coral-rock, which 
yet filiews the cavities and irregularities worn into it by the action of 
the tide8.”t On Eoua the same appearancses were noticed at an ele- 
vation of between 200 and 300 feet. Vavao, also, at the opposite 
or northern end of the group, consists, according to the Rev. J. Wil- 
liams, of coral-rock. Tongatabou, with its northern extensive reefs, 
resembles cither an upraised atoll with one half originally imper- 
fect, or one unequally elevated ; and Anamouka, an atoll equally 
elevated. Tliis latter island contains;]: in its centre a salt-water 
lake, about a mile-and-a-half in diameter, without any commu- 
nication with the sej, and around it the land rises gradually like a 
bank : the highest part is only between twenty and thirty feet ; but 
on this part, as well as on the rest of the land, (which as Cook 
observes, rises above the height of true lagoon-islands,) coral-rock like 
that on th^ beach, was found. In the Navigator Archipelago^ Mr. 
Couthoiiy§ found on Manua many and very large fragments of coral 
at the height of eighty feet, ‘‘ on a steep hill-side, rising half a mile 
inland from a low sandy plain abounding in marine remains.*' The 
fragments wore eml>edded in a mixture of decomposed lava and sand. 
It is not stated whether they were accompanied by shells, or whether 
the corals resembled recent species ; as these remains were embedded, 
they possibly may belong to a remote epoch ; but I presume this 
was not the opinion of Mr. Couthouy. Earthquakes are very 
frequent in this archipelago. 

Still proceeding westward we come to the New Hebrides; on these 
islands, Mr. G. Bennett (author of Wanderings in New South 
Wales), informs me he found much coral at a great altitude, which 
he considered of recent origin. Respecting Santa Cruz^ and the 
Silonion Archipelago^ I have no informati^ ; but at New Ireland, 
which fonns the northern point of the latter dbain, both Labillardi^re 
and Ijosson have described large beds of^ an a\^ntly very modem 

* Voyage, vol. ii. p. 163. 

t Cook’s Third Voyage (4to. edition), vol. i. p. 3ll, 

t Ibid. vol. i. p. 235. § Remarks on Coral Formations, p. 50, 
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msdysporiiic rock, with the form of the corsle litUe altered. The 
lattejT author^ states that this formation coinpo84?« a newer line of 
coast, modelled round an ancient one. There only remains to be de- 
scribed in the Pacific, that curved line of fringed islands, of which 
the Marianas form the main part. Of these Onani, Eota, Tinian, 
8aypan, and some islets farther north, arc descrilK* * *** d by Quoy and 
Gairaard,f and Chamisso,^ as chiefly comj>oseil of inadrc[>oritic lime- 
stone!, which attains a considerable elevation, and is in several cases 
worn into successively rising cliffii : the two former naturalists seem 
to have compared the corals and shells with the existing ones, and 
state that they are of recent sj>ccies. Fais^ which lies in the pro- 
longed line of the Marianas, is the only island in this part of the 
sea whicli is fringed ; it is ninety feet high, ami consists entirely of 
niadreporitic rock.§ 

In the Fast Indian ArchijMla*io^ many authors have recorded 
proofs of recent elevation. M. Lesson j| states, thiit near Port Oory, 
on the north coast of New Guinea, the shores are Hanked, to tlie 
height of loO feet, by madreporitic stnila of inodtTn tlate. Ho 
mentions similar formations at VVaigiou, Amboina, liourou, Ceram, 
Sonda and Timor : at this latter place, MM. Quoy and Gaimardf^ have 
likewise dt'scribtnl tlie primitive nn'ks, as coated to a considerable 
height with coral. Some small islets eastward of Timor .arc said in 
Koltrs Voyage"* • to resemble small coral inlets iif)iaisc‘d s«)ine feet 
above the sea. Dr. Malcolmson informs me that Dr. liardie found 
in Jara an extensive fonuation, containing an abundance of shells, 
of which the greater part appear to be of existing species. Dr. Jacktt 

• Voyage de la Corpiillc, Part. Zoolog. 

t Freycinct’s Voyage autour du Monde. See also the Hydrogra- 
phical Memoir, p. 215. 

J Kotzebue’s First Voyage. 

§ Lutke’s Voyage, vol, ii, p. 304. 

jj Partie Zoolog. Voyage dc la Coquille. 

^ Ann. des Seien. Nat , tom. vi. j>. 2Hl. 

*** Translated by Windsor Earl, chapters vi. and vii. 

tt Geolog. Transact, ‘.^d scries, vol. i. p. 403. On tlie Peninsula of 
Malacca, in front of Phpng, 5® IVY N., Dr.'Ward collected some shells, 
wlrtch Dr. Malcolm.so^inforras me, although not compared with ex- 
isting species, had | recent a])pcfirance. Dr. Ward describes in this 
neighbourhood (Tptns. Asiat. Soc. vol. xviii., part 2, p. lOfl.) a single 
water-wctln rock, with a conglomerate of sea shells at its base, situated 
six miles inland, which, according to the traditions of the natives, was 
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has described some upraised shells and corals, apparently recent, on 
Pulo Nias off Sumatra ; and Marsden relates in his iiistory of this 
great island, that the names of many promontories, show that they 
were originally islands. On part of the west coast of Borneo and at the 
Sooloo lelandsy the form of the land, the nature of the soil, and the 
water-washed rocks, present appearances,* (although it is doubtful 
whethor such vague evidence is worthy of mention,) of having re- 
cently been covered by the sea ; and the inhabitants of the Sooloo 
Islands believe that this has been the case. Mr. Cuming, who has 
lately investigated, with so much success, the natural history of the 
Phillippinee^ found near Cabagan, in Luzon, about fifty feet above 
the level of the R. Cagayan, and seventy miles from its mouth, a 
large bed of fossil shells : these, he informs me, are of the same 
species with those now existing on the shores of the neighbouring 
islands. From the accounts given us by Captain Basil Hall and 
Captain Beecheyf of the lines of inland reefs, and walls of coral-rock 
worn into caves, above the present reach of the waves, at the Loo 
Choo Islands, there can be little doubt that they have been upraised 
at no very remote period. 

Dr, DavyJ describes the northern province of Ceylon as being very 
low, and consisting of a limestone wdth shells and corals of very 
recent origin ; he adds, that it does not admit of a doubt that the sea 
has retired from this district even within the memory of man. There 
is also some reason for believing that the western shores of India, 
north of Ceylon, have been upraised within the recent period. § 

once surrounded by the sea. Capt. Low has also described (Ibid. Part 
i. p. 131.) mounds of shells lying two miles inland on this line of 
coast. 

• Notices of the East Indian Arch., Singapore, 1828, p. 6, and 
Append, p.43. 

t Capt. B. Hall, Voyage to Loo Choo, Append, pp. xxi. and xxv. 
Capt. Beechey’s Voyage, p. 496. 

Travels in Ceylon, p. 13. This madreporitic formation is mentioned 
by M. Cordier in his report to the Institute, (May 4, 1839,) on the voy- 
age of the Chevrette, as one of immense extent, and belonging to the 
latest tertiary period. 

§ Dr. Benza, in his Journey through the I^^^ircars, (the Madraj Lit 
and Scient. Journ. vol. v.) has described aVormation with recent 
freshwater and marine shells, occurring at the dretance of three or four 
miles from the present shore. Dr. Benza, in cihversatioq with me, 
attributed their ^wsition to a rise of the land. Dr. Malcolmson, how- 
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Mauritini has certainly been upraised within the recent periodi as I 
hare stated in the chapter on fringing- reefs* The northern extremity 
of Moihfloicar is described by Capt. Owen* as formed of madrepo* 
ritic rocky as likewise are the shores and outlying islands along an 
iiinnense space of Eastern Africa^ from a little north of the e<juator for 
900 miles southward. Nothing can bo more vagnc*than the expression 
madreporiiic rock \ ' but at the same time it K I think, scarcely 
possible to look at the chart of the linear islets, which rise to a greater 
height than can be accounted for by the growth of coral, in front of 
the coast from the equator to 2^ 8., without feeling convinc€<i that a 
line of fringing reefs has been elevated at a period so reciMit, that no 
great changes have since taken place on the surface of this )>art of the 
globe. Some, also, of the higher islands of inadreporitic rock on this 
coast, for instance Pemba, have very singular forms, which w'cm to 
show the combined efft^ci of the growth of coral round suhniiTged 
banks, and their 8uhs<M]ucnt upheaval. Dr. Allan informs me tliat ho 
never observed any elevated organic remains on the Styc/tt llvsy which 
come under our fringed class. 

The nature of the formations round the shores *of the Ri d Sm, as 
described by several authors, shows that the whole of this large area 
has been elevated within a very recent tertiary epoch. A part of this 
space in the appended map, is coloured blue, indicating the presence 
of barrier-reefs ; on which circmiistance I sliall presently make some 
remark Riippell t states that the tertiary formation, of which lie lias 
examined the organic remains, fonns a fringe along the slioros with 
a uniform height of from 30 and 40 feet, from the mouth of the Gulf 
of Suez to about Lat. 20^^ ; but that south of 2f>®, the beds attain 
only the height of from 12 to 15 feet. Tins, however, can hardly be 
quite accurate ; although possibly there may he a decrease in the 
elevation of the shores in the middle }>arts of the Red St a, for Dr. 
Malcohnsoii (as he informs me) collecte4i from the dills of (’amaran 
Island (Lat. 15^ .30' S.) sliells and corals, a]>parcntly recent, at a 

ever, (and there cannot be a higher authority on the geology of India) 
informs me tliat he suspects that these beds may have been formed by 
the mere action of the waves and currents accumulating sediment. From 
analogy I should much intfine to Dr. Renza’s opinion. 

• ^wen’s Africa, vol. ii^.37 for Madagascar ; and for S. Africa, vol. i. 
pp. 412 and 42G. Lj^ ut. BoteleFs narrative contains fuller particu- 
lars regarding the coHil-rock, vol. i. p. 174., and vol. ii. pp. 41 and 54. 
See also U^schenherger’s Voyage round the World, vol. i. p. (50. 

t Ruppcll, Heisc in Abyssinien, Baud i. s. 141. 
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heiglit between 30 and 40 feet ; and Mr. Salt (Travele in Abyasinia) 
describes a similar formation a little southward on the opposite shore 
at Amphila. Moreover, near the mouth of the Gulf of Suez, although 
on the coast opposite to that on which Dr. Buppcll says that the mo- 
dern beds attain a height of only 30 to 40 feet, Mr. Burton* found a 
deposit replete with existing species of shells, at the height of 200 
feet. Jill an admirable series of drawings by Capt. Moresby, I could 
see how continuously the cliff-bounded low plains of this formation 
extended with a nearly equable height, both on the eastern and 
western shores. The southern coast of Arabia seem to have been 
subjected to the same elevatory movement, for Dr. ifalcolmson found 
at Sahar low cliffs containing shells and corals, apparently of recent 
species. 

The Persian abounds with coral reefs ; but as it is difficult to 
distinguish tliem from sand-banks in this shallow sea, I have coloured 
only sonic near the mouth ; towards the head of the gulf Mr. Ains- 
worth t says that the laud is worn into terraces, and that the beds 
contain organic remains of existing forms. The WeH Indian Archi- 
pelatjo of “fringed” islands, alone remains to be mentioned: evi- 
dence of an elevation within a late tertiary epoch of nearly the whole 
of this great area, may be found in the works of almost all the 
naturalists who have visited it. I will give some of the principal 
refercncifs in a notc.J 

It is very remarkable, on reviewing these details, to observe 
in how many instances fringing-reefs round the shores, have 
coincided w ith the existence on the land of upraised organic 

* Lyells Principles of Geology, 5th edition, vol. iv. p. 25, 

t Ainsworth^s Assyria and Babylon, p. 217. 

I On Florida and the north shores of the Gulf of Mexico, Rogers’ 
Report to Brit. Assoc, vol. iii. p. 14. — On the shores of Mexico, Hum- 
boldt, Polit. Essay on New Spain, vol. i. p. 62. (I have also some cor- 
roborative facts with respect to the shores of Mexico.)— Honduras and 
the Antilles, Lyell’s Principles, 5th cd. vol. iv. p. 22.— Santa Cruz and 
Barbadocs, Prof. Ilovey, Silliraan’s Journ vol. xxxv. p. 74.-^t. Domin- 
go, Courrojolles, Jour, de Phys. tom. lik p. 106.— Bahamas, United 
Service Journ. No. Ixxi. pp, 218 and 224.~^maica, De la Beche Geol. 
Man. p. 142.— Cuba, Taylor in Lond. and Elin. Phil. Mag. vol*xi. p, 
17. Dr. Daubciiy also at a meeting of the Geo\g. Soc. orally described 
some very modern beds lying on theN.W. pato of Cuba. I might 
have added many other less important references. 



188 OeCtLLATlOKS OF LEVEL. [CHAP. VL 

remains, which seem, from evidence more or less satisfactory, 
to belong to a late tertiary period. It may, however, be ob« 
jected, that similar proofs of elevation, perhaps, occur on the 
coasts coloured blue in our map: but this certainly is not the 
case with the few following and doubtful exceptions. 

The entire area of the Red Sea appears to have been up- 
raised within a modem period; nevertheless I have been 
compelled, (though on unsatisfactory evidence, as given in 
the Appendix) to class the reefs in the middle part, as bar- 
rier-reefs ; should, however, the statements prove accurate 
of the less height of the tertiary beds in tliis mitldlc ])arl, 
compared with the northern and southern districts, we might 
Avell sus|>ect that it had subsided subsccpiently to the general 
elevation by which the whole area has been upraised. Several 
authors^ have slated that they have observed shells and conils 
high up on the mountains of the Society Islands, — a group 
encircled by barrier- reefs, and, therefore, supposed to have 
subsided: at Tahiti Mr. Stutchbiiry fotiiul on the a{>cx of one 
of the highest mountains, l)etween 5(K)0 and 7(XX) feet above 
the level of the sea, a distinct and regular stratum of semi- 
fossil coral.” At Tahiti, however, other naturalists, as well 
as myself, have searched in vain at a low level near the coast, 
for upraised shells or masses of coral-reef, where if present 
tliey could hardly have Ix en overlooked. From this fact, I 
concluded that probably the organic remmns strewed high up 
on the surface of the land, Inul originally been embedded 
in the volcanic strata, and had subsequently been w'ashcd 

* Ellis, in his Polynesian Researches, was the first to call attention 
to these remains, (vol. i. p. 3H.) and the tradition of the natives concern- 
ing them. See also Williams, Nar. of Miss. Enterprise, p. 21 j also 
Tyerman and G. Bennett, Joum. of Voyage, voh i. p. 213; also Mr. 
Couthouy’s Remarks, p. 51 ; but his principal fact, namely, that there 
is a mass of upraised coral om the narrow peninsula of Tiarubu, is from 
hearsay evidence ; also Mi^tulebbury, West of England Joum. No. I. 
p. .54.* There is a passa^ in Yon Zach, Coitch. Astronom. rol. x- p. 
266., inferring an upri^g at Tahiti, from a footpath now used, which 
was formerly impaasftjlc ; but I particularly enquired from several 
native chiebT, whether they knew of any change of this kind, and they 
were unanimous in giving me an answer in the negative. 
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out by the rain. I have since beard from the Rev. W. Ellis, 
{hat the remains which he met with, were (as he believes,) inter- 
stratified with an argillaceous tuff ; this likewise was the case 
with the shells observed by the Rev. D. Tyerman at Hua- 
heine. These remains have not been specifically examined ; 
they may, therefore, and especially the stratum observed by 
Mr. Stutchbury at an immense height, be contemporaneous 
with the first formation of the Society Islands, and be of any 
degree of antiquity : or they may have been deposited at some 
subsequent, but probably not very recent period of elevation ; 
for if the period had been recent, the entire surface of the 
coast-land of these islands, where the reefe are so extensive, 
would have been coated with upraised coral, which certainly is 
not the case. Two of the Harvey, or Cook Islands, namely, 
Aitutaki and Manouai, are encircled by reefe, which extend so 
far from the land, that I have coloured them blue, although with 
much hesitatiotf, as the space within the reef is shallow, and 
the outline of the land is not abrupt. These two islands con- 
sist of coral-rock ; but I have no evidence of their recent 
elevation, besides, the improbability of Mangaia, a fringed 
island in the same group, (but distant 170 miles,) having 
retained its nearly perfect atoll-like structure, during any 
immense lapse of time after its upheaval. The Red 
Sea, therefore, is the only area in which we have clear 
proofs of the recent elevation of a district, which, by our 
theory (although the barrier-reefs are there not well charac- 
terized), has lately subsided. But we have no reason to be 
surprised at oscillations of level of this kind having occasion- 
ally taken place. There can be scarcely any doubt that 
Savage, Aurora,* and Mangaia Islands, and several of the 

* Aurora Island is described by Mr. Couthony (Remarks, p. 58) ; it 
lies 120 miles N. E. of Tahiti ; it is not coloured in the appended map, 
because it does not appefir to be fringed b4 living reefs. Mr. Couthouy 
describes its summit as ** presenting a br^d table-land which declines 
a few feet towards the centre, where we may^ppose the lagoon to have 
been placed.*^ It is about 200 feet in height, ^and consists of reef-rock 
and conglomerate, with existing species of cora^ embedded in it The 
island has been elevated at two successive per^s; the clifis being 
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islands in the Friendly group, existed originally as atolls, and 
these have undoubtedly since been upraiscii to some heigh\ 
above the level of the sea ; so that by our theory, there has 
here, also, been an oscillation of level, — elevation having suc- 
ceeded subsidence, instead of, as in the middle part of the 
Red Sea and at the Harvey Islands, subsidence having pro. 
bably succeeded recent elevation. 

It is an interesting fact, that Fais, which, from its compo- 
sition, form, licight, and situation at the western end of the 
Caroline Archi|>elago, one is strongly induced to believe ex- 
isted before its upheaval as an atoll, lies exactly in the pro- 
longation of the cun ed line of the Mariana group, which we 
know to bc^ a line of recent elevation. I may add, that 
Elizabeth Island, in the southern pari of tlic Low Archi]>e- 
iago, which seems to have had the same kind of origin 
as Fais, lies near Pitcairn Island, the only one in this part of 
the ocean which is high, and at the same tiiile not surround- 
ed by an encircling harrier-reef. 

On the absence of active Volcanos in the areas of snhsidencey 
and on their frequent presence in the averfs of t leration, — Before 
making some concluding remarks on the relations of tl)c 
spaces coloured blue and red, it will be convenient to con- 
sider the j>ositioii on our map of the volcanos historically 
known to have been in actiom It is imjiossible not to be 
struck, first with the absence of volcanos in the great areas 
of subsidence tinted pale and dark blue, — namely, in the 
central parts of the Indian Ocean, in the China sea, in the 
sea between the barriers of Australia and ISIew^ (Caledonia, in 
the Caroline, Marshall, GiU>crt, and Low Archijielagoos ; 
and, secondly, with tlie coincidence of the princij)al volcanic 
chains with the parts coloured red, which indicates the pre- 
sence of fringing reefs ; and, as we have just seen, the presence 
in most cases of upraised^ organic remaips of a modern date, 
I may^herc remark thatAhe reefs were all coloured before the 

rnarkfd lialf-way up horizontal water-worn line of deep exca- 

vations. Auiora Ihlnnd^ecms closely to resemble in structure Elizabeth 
Island, at the southcA end of the Low Archipelago. 
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volcanos were added to the map, or indeed before I knew of 
the existence of several of them. 

The volcano in Torres Strait, at the northern point of 
Australia, is that which lies nearest to a large subsiding area, 
although situated 125 miles within the outer margin of the 
actual barrief-reef. The Great Comoro Island, which pro- 
bably contains a volcano, is only twenty miles distant from 
the barrier- reef of Mohila; Ambil volcano, in the Phillip- 
pines, is distant only a little more than sixty miles from the 
atoll-formed Appoo reef : and there are two other volcanos 
in the map within ninety miles of circles coloured blue. 
These few cases, which thus offer partial exceptions to the 
rule, of volcanos being placed remote from the areas of subsi- 
dence, lie either near single and isolated atolls, or near small 
groups of encircled islands ; and these by our theory can 
have, in few instances, subsided to the same amount in 
depth or area, aS groups of atolls. There is not one active 
volcano within several hundred miles of an archipelago, or 
even a small group of atolls. It is, therefore, a striking fact 
that in^the Friendly Archipelago, which owes its origin to the 
elevation of a group of atolls, two volcanos, and, perhaps, 
others,* are known to be in action : on the other hand, on 
several of the encircled islands in the Pacific, supposed by 
our theory to have subsided, there are old craters and streams 
of lava, which show the effects of past and ancient eruptions. 
In these cases, it would appear as if the volcanos had come 
into action, and had become extinguished on the same spots, 
according as the elevating or subsiding movements prevailed. 

There are some other coasts on the map, where volcanos 
in a state of action ebneur with proofs of recent elevation, 
besides those coloured red from being firinged by coral- 
reefs. Thus I hope to show in a future volume, that nearly 
the whole line of the west coast o^^South America, which 
forms the greatest volcanic chain in v the world, from^near 
the equator for a space of between and 3000 miles 

* See the note at p. 121, on the authorities for flouring the volcanos 
in the appended map. 
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southward^ has undergone an upward movement during 
a late geological period. The islands on the north-west* 
em shores of the Pacific, which form the second greatest 
volcanic chain, are very imperfectly known ; but Luzon, in 
the Phillippiues, and the Loo Choo islands, have been re- 
cently elevated; and at Karatschatka^ there are extensive 
tertiary beds of modem date. Evidence of the same nature, 
but not very satisfactory, may be detected in northern New 
Zealand, where there are two volcanos. The co-existence 
in other parts of the world of active volcanos, with upraised 
beds of a modern tertiary origin, will occur to every gcolo- 
gisLt Nevertheless, until it could be shown that volcanos 
were inactive or did not exist in subsiding areas, the conclu- 
sion that their distribution depended on the nature of the 
subterranean movements in progress, would have been 
hazardous. But now, viewing the appended map, it may, I 
think, be considered as almost established, that volcanos arc 
often (not necessarily always) present in those areas where 
the subterranean motive power has lately forced, or is now 
forcing outwards the crust of the earth, but that they arc 
invariably absent in those, where the surface has lately sub- 
sided or is still subsiding. J 

On the relations of the areas of Sulmdr/ire and Elnmtion , — 
The immense surfaces on the map, which, both by our theory 
and by the plain evidence of upraised marine remains, have 
undergone a change of level either downwards or upwards 
during a late period, is a most remarkable fact. The cxis- 

* At Sedanka, in Lat. .5!^ N. (Von Buch’s Descrip, des i«les Canaries, 
p, 455.) In a forthcoming Part, I «hall giv<||ll|the evidence referred to 
with respect to the elevation of New Zealand, 

t During the subterranean distnrliances which took place in Chile in 
I have shown (Geolog. Trans. 2nd Scr. voL v. p. 606.) that at the 
same moment that a hirge (^trict was upraised, volcanic matter burst 
forth at widely-separated p4nU, through both new and old vents. 

X c may infer from Mb rule, that in any old deposit, which con- 
tains interatratificd bedwf erupted matter, there was at the jMjriod, and 
in the area of iu forwtion, a tendency to an upward morement in the 
earth’s surface, and <fertainly no movement of subsidence. 
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tence of continents shows that the areas have been immense, 
which at some period have been upraised : in South America 
we may feel sure, and on the north-western shores of the 
Indian Ocean we may suspect, that this rising is either now 
actually in progress, or has taken place quite recently. By 
our theory, we may conclude that the areas are likewise im- 
mense* which have lately subsided, or, judging from the earth- 
quakes occasionally felt and from other appearances, are now 
subsiding. The smallness of the scale of our map should not 
be overlooked : each of the squares on it contains (not allow* 
ing for the curvature of the earth) 810,000 square miles. 
Look at the space of ocean from near the southern end of the 
Low Archipelago to the northern end of the Marshall Archi- 
pelago, — a length of 4500 miles, in which, as far as is known, 
every island, excepting Aurora which lies just without the 
Low Archipelago, is atoll-formed. The eastern and western 
boundaries of oiir map are continents, and they are rising 
areas : the central spaces of the great Indian and Pacific 
oceans, are mostly subsiding ; between them, north of Aus- 
tralia, lies the most broken land on the globe, and there the 
rising parts are surrounded and penetrated by areas of subsi- 
dence,’^ so that the prevailing movements now in progress, 
seem to accord with the actual states of surface of the great 
divisions of the world. 

The blue spaces on the map are nearly all elongated ; but 
it does not necessarily follow from this, (a caution, for 
which I am indebted to Mr. Lyell,) that the areas of subsi- 
dence were likewise elongated; for the subsidence of a 
long, narrow, space of the bed of the ocean, including in it a 
transverse chain of irfbuntains, surmounted by atolls, would 
only be marked on the map by a transverse blue band. But 
where a chain of atolls and barrier-reefs lies in an elongated 
area, between spaces coloured red, \|^ich therefore have re- 

♦ I susped that the Arru and Timor-laut M^ds present an included 
small area of subsidence, like that of the Chwa Sea j but I have not 
ventured to colour them from my imperfect infoni|gtion, as given in the 
Appendix. 
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mained stationary or have been upraised, this must have re- 
sulted cither from the area of subsidence having originally been 
elongated (owing to some tendency in the earth’s crust thus 
to subside), or from the subsiding area having originally been 
of an irregular figure, or as broad as long, and having since 
been narrowed by the elevation of neighbouring districts* 
Thus the areas, which subsided during the formation of 
the great north and south line t)f atolls in the Indian Ocean, — 
of the east and west line of the Caroline atolls, — and of the 
north-west and south-east line of the harrier- reefs of New 
Caledonia and the I^ouisiade, must have originally been elon- 
gated, or if not so, they must have since been made elongated 
by elevations, which know to belong to a recent period. 

I infer from Mr, Hopkins’s researches,* that for the for- 
mation of a long chain of mountains, with few lateral j-purs, 
an area elongated in the same direction with the chain, must 
have been subjected to an elevatory movement. Mountain- 
chains, however, when already formed, although running in 
very different directions, it seems, f may be raised togetlior by 
a widely-acting force: so, perhaps, mountain-chains may 
subside together. Hence, we cannot tell whether the Caro- 
line and iNIarshall Archipelagoes, two groups of atolls run- 
ning in different directions and meeting each other, liavc 
been formed by the subsidence of two areas, or of one large 


♦ Researches in Physical Geology, Transact, Cambridge Phil. Soc. 
vol. vi. part i. 

I For instance in S. America from lat..‘54'^ for many degrees southward 
there are upraised beds containing recent species of shells, on both the 
Atlantic and Pacific side of the continent, from the gradual ascent 
of the land, although with very unequal slices, on both sides towards 
the Cordillera, I think it can hardly be doubted that the entire width 
has been upraised in mass within the recent pcri(xl. In this case the 
two W'.N.W. and E.S.K. mountain- lines, namely the Sierra Ventana 
and the S. Tapalgucn, aid the great north and south line of the 
Cordflkra have been tog^her raised. In the West Indies the N. and S. 
line of the eastern Antnlcs, and the E. and W. line of Jamaica, appear 
both to have been upraised within the latcft geological period. 
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area^ including two distinct lines of mountains. We have^ 
however, in the southern prolongation of the Mariana Islands, 
probable evidence of a line of recent elevation having inter- 
sected one of recent subsidence. A view of the map will 
show that, generally, there is a tendency to alternation in the 
parallel areas undergoing opposite kinds of movement ; as if 
the sinking of one area balanced the rising of another. 

The existence in many parts of the world of high table* 
land, proves that large surfaces have been upraised in mass 
to considerable heights above the level of the ocean ; al- 
though the highest points in almost every country consist of 
upturned strata, or erupted matter : and from the immense 
spaces scattered with atolls, which indicate that land originally 
existed there, although not one pinnacle now remains above 
the level of the sea, we may conclude that wide areas have 
subsided to an amount, sufficient to bury not only any for- 
merly existing talJle-land, but even the heights formed by 
fractured strata, and erupted matter. The effects produced 
on the land by the later elevatory movements, namely, 
successively rising cliffs, lines of erosion, and beds of littoral 
shells and pebbles, all requiring time for their production, 
prove that these movements have been very slow ; we can, 
however, infer this with safety, only with respect to the few 
last hundred feet of rise. But with reference to the whole 
vast amount of subsidence, necessary to have produced the 
many atolls widely scattered over immense spaces, it has 
already been shown (and it is, perhaps, the most interesting 
conclusion in this volume), that the movements must either 
have been uniform a^ exceedingly slow, or have been 
effected by small steps, separated from each other by long 
intervals of time, during which the reef-constructing poly- 
pifers were able to bring up their solid frame-works to the 
surface. We have little means of judgirl^ whether many con- 
siderable oscillations of level have generally occurred duHhg 
the elevation of large tracts : but we kno\^, from clear geo- 
logical evidence, that this has frequently hd^n plaf e ] and 
we have seen on our map, that some of the same islands have 

L 



146 UECAriTULATION. [iilAP. VI. 

both subsided and been upraised. I conclude, ho^vever, that 
most of the large blue spaces have subsided witlioiit many and 
great elevalory oscillations, because only a few upraised atolls 
have been observed : the supposition that such elevations have 
taken place, but that the upraised parts have been worn down 
by the surf, and thus have escaped observation, is oxcrruled 
by the very considerable depth of the lagoons of all the 
larger atolls ; for this could not have been the case, if they 
had suffered repeated elevations an<l abrasion. From the 
comparative obsenations made in those latter j>agcs, we may 
finally conclude, that the subterranean changes which have 
caused some large arcjis to rise, and others to subside, have 
acted in a very similar manner. 

JivcapituhitioiL — In the throe first chapters, the principal 
kinds of coral-reefs were described in detail, and they were 
found to differ little, as fur as relates to the actual surface of 
the reef. An atoll differs from an encircling barrici -reef only 
in the absence of land within its central expanse; and a bai'- 
ricr-reef differs from a fringing-reef, in being placed at a nuich 
greater distance from the land with reference to the probable 
inclination of its submarine foundation, and in the presence 
of a deep-water lagoon-like space or moat witliiii the reef. 
In the fourth chapter the growing powe rs of the reef- con- 
structing polypifers were discussed; and it was shown, that 
they cannot flourish beneath a very limited dej)th. In 
accordance with this limit, there is no dlfliculty respecting 
the foundations, oil which fringing-rcefs arc based; where- 
as, with barrier-reefs and atolls, there is a great apparent 
difficulty on this head ; — in barri^jr-rec fs from the imjiro- 
Viability of the rock of the coast or of hanks of sediment 
extending, in every instance, so far seaward within the rc- 
(juired depth; — and in atolls, from the immensity of the spaces 
over which they ar^ interspersed, and the apparent neces- 
sity for believing^ (hat they are all supported on mountain- 
summits, which, although rising very near to the surfacc-lcvcl 
of the sea, in \ o one instance emerge above it. escape this 
latter most improhahlo admission, which implies the existence 
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of sabmarine chains of mountains of almost the same height, 
extending over areas of many thousand square miles, there 
is but one alternative ; namely, the prolonged subsidence of 
the foundations, on which the atolls were primarily based, 
together with the upward growth of the reef-constructing 
corals. On this view every difficulty vanishes : fringing-reefs 
are thus converted into barrier - reefe ; and barrier - reefs, 
when encircling islands, are thus converted into atolls, the 
instant the last pinnacle of land sinks beneath the surface of 
the ocean. 

Thus the ordinary forms and certain peculiarities in 
the structure of atolls and barrier-reefs can be explained ; — 
namely, the wall-like structure on their inner sides — the bason 
or ring-like shape both of the marginal and central reefs in 
the Maldiva atolls — the union of some atolls as if by a ribbon 
— the apparent disseverment of others — and the occurrence, 
in atolls as well as in barrier-reefs, of portions of reef, and of 
the whole of some reefs, in a dead and submerged sU\te, but 
retaining the outline of living reefs. Thus can be explained the 
existence of breaches through barrier-reefs in front of valleys, 
though separated from them by a wide space of deep water ; 
thus, also, the ordinary outline of groups of atolls, and the 
relative forms of the separate atolls one to another ; thus can 
be explained the proximity of the two kinds of reefs formed 
during subsidence, and their separation from the spaces where 
fringing-reefs abound. On searching for other evidence of 
the movements supposed by our theory, we find marks of 
change in atolls and in barrier-reefs, and of subterranean dis- 
turbances under them ; but from the nature of things, it is 
scarcely possible to detect any direct proofs of subsidence, 
although some appearances are strongly in favour of it. On 
the fringed coasts, however, the presence of upraised marine 
bodies of a recent epoch, plainly sho^^, that these coasts, 
instead of having remained stationary, which is all thSt 
can be directly inferred from our theory, have generally been 
elevated. 

Finally, when the two great types of structure, namely 

L 2 
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barrier reefe and atolls on the one hand, and fringing ree fs on 
the other, were laid down in colours on our map, a magnifi- 
cent and harmonious picture of the movements, which the 
crust of the earth has within a late period undergone, is 
presented to us. We there see vast areas rising, with volca- 
nic matter every now and then bursting forth through the 
vents or fissures with which they arc traversed, W' e see other 
wide spaces slowly sinking without any volcanic outbursts; 
and we may feel sure, that this sinking must have been im- 
mense in amount as well as in area, thus to have buried over 
the broad face of the ocean every one of those mountains, 
above which atolls now stand like monuments, marking the 
place of their former existence Reflecting how powerful an 
agent with respect to denudation, and conse(|uently to the 
nature and thickness of the deposits in accumulation, the sea 
must ever be, when acting for prolonged periods on the land, 
during either its slow emergence or subsidence; reflecting, 
also, on the final effects of these movements in the inter- 
change of land and ocean-water, on the (dlinate of the earth, 
and on the distribution of organic beings, I may ha permitted 
to hope, that the conclusions derived from llic sliuly of coral- 
formations, originally attempted merely to explain their pecu- 
liar forms, may be thought worthy of the attention of 
geologists. 
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CONTAINiya 

A DETAILED DESCIIIPTION OF THE REEFS AND ISLANDS IN 
THE COLOURED MAP, Plate III. 


In the beginning of the last chapter I stated the principles on which 
the map is coloured. There only remains to be said, that it is an 
exact copy of one by M. C. Gressier, published by the Depot gene- 
ral de la Marine, in 1835. The names have been altered into En- 
glish, and the longitude has been reduced to that of Greenwich. 
I'liG colours were first laid do\vn on accurate charts, on a large scale. 
The data, on which the volcanos historically known to have been 
in action, have been marked with vermilion, were given in a note to 
the last chapter. I w ill commence my description on the eastern 
side of the map, and w ill describe each group of i-dands consecu- 
tively, proceeding westward across the Pacific and Indian Oceans, 
but ending with the West Indies. 

The Western Shores of America appear to be entirely with- 
out coral reefs : south of the equator the survey of the Beagle, and 
north of it, the published charts show that this is the case. Even 
in the Bay of Pammia^ where corals flourish, there are no true coral- 
reefs, as I have been informed by Mr. Lloyd. There are no coral- 
reefs in the Galapaijios archipelago, as I know from personal inspec- 
tion ; and I believe there are none on the Vocus^ ReriUa-ifipedo^ and 
other neighbouring islands, CFipperton rock, 10^ N. 109° W., 
lias lately been surveyed by Capt, Belcher; in form it is like 
the crater of a volcano. *From a drawing appended to the MS. plan 
in the Admiralty, it evidently is not an atoll. The eastern parts of 
the Pacific jircsent an enormous area, without any islands, except 
Easter^ and Sala^ and Gomez Islands, which not ajjxw to be 
surrounded by reefs. 
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The Low Arcbipblaqo. — Thii group conaisls of about 80 aIoUb : 
it would be <juite superfluous to refer to descriptions of each. In 
D'Urville and Lottin s chart, one island ( IWcAoiwXy) is written 
w^ith a capital letter, signifying, as explained in a former chapter, 
that it is a high island ; but this must be a mistake, as the original 
chart by Bellinghausen show's that it is a true atoll. Capt. Bcechey 
says of the 32 groups which he examined ((»f the greater number of 
whieh I have seen beautiful MS, charts in the Admiralty), tliat 20 
now contain lagoons, and ho beliovos the other thrw originally did, 
Bellinghausen (see an account of this Itussian voyage, in the Bihlioth. 
des Voyages, 1834, p. 443,) says, that the 17 islands which ho 
discovered n'stmihled each other in structure, and he has given charts 
<m a large -scale of all of tlicin. Kotzehtie l>as given ]»lans of seve- 
ral ; Cook and Bligli mention others ; a few were ^een during the 
voyage of the Beagle ; and notices of other atolls an' s<*attered 
through several publications. l‘hc Actitun group in this archi)>c- 
Ingo lias lately been discovered ((•cogra])b. Jourii., vol. vii. p. 4.*) t) ; 
it consists of three small and low islets, one (^f wblcii has a lagoon. 
Another lagoon island has ht'en discovered (Naut. Mag. 

[u 770), in 22^ 4' 8. and 136*^ 2o' W. T<>war<ls the S. K, part of 
the group there are some islands of diHercnt formation: KUznhrth 
Island is described by Bcechey (p. 40, Ito. ed.) as fringtsl^hy n'cfs, 
at the distance of between two and three hundred yards ; coloured 
red. Pitcairn I>laiul in the immediate neighbourhood, according 
to the same authority, has no reefs of any kind, although numerous 
pieces of coral arc thrown u]) on the iM aeh ; the sea close to Its 
shore is very deej) (>( (' Zool. of Bcochcy’s Voyage, p. 1(11); it is 
left uncolourcd. (lainlih‘r Islands (see Plate I. fig. 8,) are encircled 
by a harrier reef: the greatest <lej)th within is 3S fatiioms ; coloured 
pale blue. Aartjva Island, whic*h lies X. p]. of 4'aiiiti close to tlie 
large space coloured dark blue in tlie maj>, has Iks'h already de- 
scribed in a note (p. 13i>), on the authority of iMr, C’outhouy : it is 
an upraised atoll, hut as it docs not appear to be friiige<l by living 
resifs, it is left uncolourcd. 

The SoriKTY Arch, is separated by a narrow' space from the Low 
Arch.; and in their ])arallel direction they manife.st H(jme relation to 
cacli othiT. I liave alrea<ly dc-scrihed tlie general character of the r<‘cfs 
of these fine encircled islands. In the atlas of the (hapiille’s Voyage 
there is a good general chart of the group, and separate plans of aoino 
of the islands. T/Jilti the largest island in the group is almost sur- 
rounded, as seen On Cook’s chart, by a reef from half u iiiilo to a 
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mile and a half from the shore, with from 10 to 30 fathoms within it* 
Some considerable submerged reefs lying parallel to the shore, with 
a broad and deep space within, have lately been discovered (Naut. 
Mag. 1830, p. 264,) on the N. E. coast of the island, where none 
are laid down by Cook. At Eimeo the reef “ which like a ring 
surrounds it, is in some places one or two miles distant from the 
shore, in others united to the beach.” (Ellis, Polynesian Researches, 
vol. i. p. 18, l2mo. edit.) Cook found deep water (20 fathoms) 
in some of the harbours within the reef. Mr. Conthouy, however, 
states (Remarks, p. 45,) that both at Tahiti and Eimeo, the space 
between the barrier-reef and the shore, has been almost filled up, — 
“a nearly continuous fringing-rcef surrounding the island, and 
varying from a few yards to rather more than a- mile in width, the 
lagoons merely forming canals between this and the sea-reef,” that b 
tlic barrier-reef. Tapmnanoa is surrounded by a reef at a consi- 
derable distance from the shore ; from the island being small, it is 
broached, as I am informed by the Rov. W. Ellis, only by a narrow 
and crooked boat-cliannel. This is the lowest island in the group, 
its hoiglit probably not exceeding 500 feet. A little way north of 
Tahiti, the low coral islets of Teturoa are situated; from the descrip- 
tion of them given me by the Rev. J. Williams (the author of the 
Narrative of ^lissionary Enterprise), I should have thought tliey had 
formed a small atoll, and likewise from the descri])tion given by the 
Rev. D. Tyerman and G. Bennett (Journ. of Voy. and Travels, 
vol. i. p. 183,) who say that ten low coral islets “are compre- 
hended within one general reef, and separated from each other by 
interjacent lagoons;” but as Mr. Stutchbury (West of England 
Jo\irnal, vol. i. p. 54,) describes it as consisting of a mere narrow 
ridge, 1 have left it uncoloured. Naitea^ eastward of the group, is 
classed by Forster as a high encircled island ; but from the account 
given by the Rev. D. Tyerman and G. Bennett (vol. i. p 57,) it 
ii])pears to be an exceedingly abrupt cone, rising from the sea witli- 
out any reef ; I have left it uncoloured. It would be superfluous 
to describe the northern islands in this group, as they may be well 
seen in the chart accompanying the 4to. edition of Cook's Voyages, 
and ill the Atlas of tlie Cbquille’s Voyage, Maurua is the only 
one of the northern islands, in which the water within the reef is 
not deep, being only 4 J fathoms ; but the great width of the*reef, 
stretching three miles and a half southward of the land (which is 
represented in the drawing in the atlas of tl\^ Coquille’s voyage 
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OS doaceiiditig abruptly to the water) bUowjj, on the principle ex- 
plained in the beginning of the last cliapter, that it belongs to the 
barrier class. 1 may here mention, from information communicated 
to me by tlie Rev. AV. Ellis, that on the N. E. side of lltuda itu* 
there is a bank of sand, about a quarter of a mile wide, extending 
parallel to the shore, and separated from it by an extensive and deep 
lagoon ; this bank of sand rests on coral rock, and undoul>tedly 
was orignally a living reef. North of Bolabola lies the atoll of 
TouImh (Motou«iti of the Coquille’s Atlas), which is coloured dark 
blue ; the other islands, surrounded by barrier-reefs, are pale blue : 
three of them are represented in Figures 3, 4, and 5, in Plate I. 
Tliero are three low conil-groups lying a little E. of the Society 
Arch., and almost forming part of it, namely, IhUinifhamen^ which 
U said by Kot/xbtie (Second Voyage, ii, p. 2.‘»o,) to ho a 
lagoon-island; which, from (.’ouk’s destTi}>tion (Second 

Voyage, Book ili. chap. 1,) uo doubt is an atoll; and the Sciilf/ 
Islands, which are said hy Wallis (V^)yage, chap, ix.) to fori)) a 
(fvoitjp of hj^c islets and shoaK, and tlierefore, probably, they com- 
pose an atoll : the two former have Ik'cu coluurc<l blue, but not the 
latter. 

^Iexdana or Mahuuksas Group. — These islands are entirely 
without reefs, as may ho ‘ioen in Krusen ■item’s Atla^•, making a re- 
markable contrast witli the adjacent group of the Society’s Islands. 
Mr. F. 1). Bennett lias given some account of this group, in the 
seventh voluvne of the Gcograjdo Journ. lie inb»rms me that all 
the islands have the same general ch.araeter, and that the water is 
very deep close to their chores. He visited three of them, namely, 
iJoniinkoJia^ C/irlstlamt^ and ; tln^ir beaches are strewed 

with rounded masses of coral, and although no regular reefs exist, 
yet the shore is in many j)laces lined by coral-rock, sri that a boat 
grounds on this formation. Hence these islands ought j)rohahly to 
come within the class of fringed islands and be coloured red ; but as 
1 am determined to err on the cautious side, I have left them 
uncolourcd. 

Cook or IIauvkv and ArsruAL, Isl. — Puhnf'rstnv Island is 
minutely described as an atoll by Capt. Cook during Ids voyage in 
1 77 !• ; coloured l)luc. A Ifntdki was partially surveyed by tlie Beagle, 
(sceSiiap accompanying Voyages of Adventure and Beagle) ; tlie land 
is hilly, sloping gently to the beach ; the highent point is 3(10 feet ; 
on the soutliern sid(^t]ie reef projects five iniJes from the land : off this 
point the Bcaglcifound no bottom with 270 fathoms : the reef is 
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surmounted by many low coral-islets. Although within the reef 
the water is exceedingly shallow, not being more than a few feet 
deep, as I am informed by the Rev. J. Williams ; nevertheless, from; 
the great extension of this reef into a profoundly deep ocean, this 
island probably belongs, on the principle lately adverted to, to the 
barrier class, and I have coloured it pale blue ; although with much 
hesitation. — Manouai or Harvey Isld. The highest point is about 
50 feet : the Rev. J. Williams informs me that the reef here, although 
it lies far from the shore, is less distant than at Aitutaki, but the 
water within the reef is rather deeper : I liave also coloured this pale 
blue, with many doubts.— Round Mitiaro Isld., as I am informed 
by Mr. Williams, the reef is attached to the shore ; coloured red. — 
Mauki^ or Maouti ; the reef round this isld. (under the name of Parry 
I^ld. in the Voyage of II.M.S. Blonde, p. 209,) is described as a 
coral flat, only 50 yards wide, and two feet under water. Tliis 
statement has been corroborated by Mr. Williams, who calls the reef 
attaclied ; coloured red. — A/iw, or Wateeo; a moderately elevated, 
hilly island, like |he others of this group. The reef is described in 
Cook's Voyage as attached to the shore, and about 100 yards w ide ; 
coloured red. — Fcnoua-itl ; Cook describes this isld. as very low, not 
more than six or seven feet high, (vol. i. book ii. chap. iii. 1777) ; in 
the ch^rt published in the Coquille’s atlas, a reef is engraved close to 
the shore : this isld. is not mentioned in the list given by Mr. 
Williams (p. 10) in the Narrative of Missionary Enterprise; 
nature doubtful. As it is so near Atiu, it has been unavoidably 
coloured red. — Rarotomja ; Mr. Williams informs me it is a lofty 
basaltic isld., with an attached reef; coloured red. — There are three 
islands, Rourouti^ Rod'hurgh^ and //«//, of wliich I have not been 
able to obtain any account, and have left them uncoloured. Hull 
isld., in the French chart, is WTitten with small letters, as being low. 
— Mat^gnia ; height about 300 feet; ‘‘ the surrounding reef joins the 
shore,*' (Williams’s Narrative, p. 18); coloured red. — Rimetara ; 
Mr. Williams informs me that the reef is rather close to the shore ; 
but, from information given me by Mr. Ellis, the reef does not 
appear to be quite so closely attached to it as in the foregoing cases : 
the isld. is about 300 feet high, (Naut. Mag. 1839, p, 738); 
coloured red. — Rurutu ; Mr. Williams and Mr. Ellis inform me 
that this island has an attached reef ; coloured red. It is ddfecribed 
by Cook under the name of Oheteroa : he says it is not surrounded, 
like the neighbouring islds., by a reef; he mus^liave meant a distant 
reef. — Touhouai ; in Cook’s chart, (2d Voyagt, vol. ii. p. 2,) the 
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nsef ia laid down in part one mile, and in part two miles from the 
ahoro. Mr. Ellis (Polyncs. Res. vol. iii. p. 381) says tho low land 
round tho base of tho isld. is very extonsivo ; and this gentleman 
infonus me that iho water witliin tlio reef appears deep ; coloured 
bine. — of Vivitao ; Mr. Williams informs me that tho 
reef is here distant ; Mr. Ellis, however, says that this is certainly 
not the case on one side of tho isld. ; and he believes that the water 
within the rec^f is not deep ; hence I have left it nncolouroil. — LancaHer 
Rc<*f,describe<l in Xaut. Mag. 1833, (p. Ci)3,) as an extensive crcHcent- 
formed coral-reef, I have not coloured it. — Rapa^ or (>parre(»; from 
the accounts given of it by Ellis and Vancouver, tliere floes not 
apjH\ar to be any rtH‘f. — 7. <//* is an adjoining isld., of which 1 
cannot find any account. — AV/nin Isld. ; Kru‘H?nbtcrn seems liardly to 
know its position, and gives no further partictilars. 

Islands between t/ic Low and GWwrt Arc/tlpcf(0/(^^s, 

Caroline Isld. (10^ *S., ]5(C W.) is described by Mr. I'. D. Ben- 
nett (Gcograph. Journ. vol. \ii. p. 225) as containing a fine lagoon ; 
coloured biuc. — F/inf Isld., (IP' S., 15 P W.) ; Krus<‘nstern believes 
that it is tlie same witli Pen f/rino^ which is described by Quiros 
(BurnoyV Cliron. Hist. vol. ii. p. 2S3)as a cluster of small inlands 
connecUnl by a reef, and forming a lagoon in tin’ middle;*’ c^)loured 
blue. — WoatorA: is an isld, a little more than half a mile in diameter, 
and ap)>arently <pute fiat and low, and was dl-eoven d by Bellinghau- 
sen ; it is situated a little west of Caroline b-ld., Imt it is not j^laced 
on the Frencb charts ; I Ijavo not c:oloure<l it, aliliongb I entertaia 
little doubt from the cliart of Bellinglnuisen, that it originally con- 
tained a small lagoon. — f^inr/n/n Isld. (9 S., 15H^ W.) ; a plan of 
it in the atlas of the fir^'t voyage of Kotzeime, sliows that it is an 
atoll; blue. — SUjrhnck Isld, ( 5® S., descrilK’d in Eord 

Byron’s Voyage in the Blonde (p. 20G) as fonnc(l of a flat coral-rmik , 
with no trees ; the height m)t given; not colourcs.1, — Mnklen Isld. 
(1.0 S., 1540 W.) ; in the same voyage (p. 205) this isld, is said to be 
of cfual formation, and no part above 40 feet iiigh ; 1 have not ven- 
ttircd to colour it, althongli, from being of coral formation, it is pro- 
bably fringed ; in wliich case it should be red.— or Bunker 
Isld.' (0® 20' 8. IGO'" W.) is described by Mr, F. I). Bcmnett ((ico- 
grajdi! Journ. vol. vii. p. 22?) as a narrow, low strip of coral 
formation ; not coloured.— 7/roo/: is a small, low i.s]d. bertween the 
two latter ; ^hc posit.on, and perhaps even tho existence of it is 
doubtful; not coloured.— and lluwphreu Islands; I can 
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find out nothing about these iglands, except that the latter appears 
to be small and low ; not coloured. — Rearson^ or Grand Duke 
Alexander’s, 16 W.) ; an atoll, of which a plan is given by 

Bellinghauscn ; blue . — Souvorojf Islands, (13^ S , 163^ W.) ; Ad- 
miral Krusenstern, in the most obliging manner, obtained for me an 
account of these islands from Admiral Lazareff, who discovered them. 
They ’consist of five very low islands of coral formation, two of 
which are connected by a reef, with deep water close to it. They do 
not surround a lagoon, but are so placed that a line drawn through 
them includes an oval space, part of which is shallow ; these islets, 
therefore, probably once (as is the case with some of the islands in the 
Caroline arch.) formed a single atoll ; but I have not coloured them. — 
Danger Isld. (10° y., 166° W.) ; described as low by Com. Byron, 
and more lately surveyed by Bellingbausen ; it is a small atoll with 
three islets on it ; blue . — Chirenre Isld. (.0° S., 172° W.) ; dis- 
covered in the Pandora (G. Hamilton’s Voyage, p. 75): it is said, 
in running along the land, we saw several canoes crossing the 
hit^oona as this inland is in the close vicinity of other low islands ; 
and as it is said, that the natives make reservoirs of water in old 
cocoa-nut trees, (which shows the nature of the land) I have no 
doubt it is an atoll, and have coloured it blue. — Yot'k Isld. (8° S., 
172° >y.) is described by Commodore Byron (chap. x. of his 
Voyage) as an atoll ; blue. — Sf/dnei/ Isld. (^’^ JS., 172° W.), is 
about three miles in diameter, witlj its interior occupied by a lagoon, 
(Capt. Tromelin, Annal. Marit. 1829, p. 297 ;) blue. — Phani^ Isld, 
(4° S., 171° W,) is nearly circular, low, sandy, not more than two 
miles in diameter, and very steep outside, (Tromelin Annal. Marit. 
1829, p. 297) : it may be inferred that this isld. originally contained 
a lagoon, but I have not coloured it . — New Nanticcket^ (0° 15' N., 
174° W.) From the French chart it must be a low isld.; I can 
find nothing more about it, or about Mar^ Isld. ; both uncoloured. — 
Gardner Isld. (5° S., 174° W.), from its position, is certainly the 
same as Kcmin Isld. described (Krusenstem, p. 435, Appen. to Mem. 
publ. 1827) as having a lagoon in its centre ; blue. 

Islands south of the Sandwich Archipelago, 

Christmas Isld. (2^ N., 157° W.) Capt. Cook, in his third 
voyage (vol. ii. chap, x.) has given a detailed account of thi^ atoll. 
The breadth of the islets on the reef is unusually great, and the sea 
near it does not deepen so suddenly as is generally the tgise. It has 
more lately been visited by Mr. F. D. Bennett^ (Gcograpb. Joum. 
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vol. vii. p. 220) ; and he aasurca mo that it is low and of coral 
formation : I particularly mention this, because it is engravetl with a 
capital letter, signifying a high isld., in D’Urville and liottin’s 
chart, Mr. Couthony, also, has given some account of it, (Re- 
marks, p. 4G) from the Hawaiian Spci'tator; he believes it has 
lately undergone a small elevation, but his evidence does not a})pcar 
to me satisfactor}' ; the deepest part of the lagoon is said to hr oialy 
ten feet; nevertheless, I have coloured it blue . — Fanminif Isld., 
(4® X., 1 58'^ \V.) according toCaj»i.Troinelin, (Ann. Maritim. 1820, 
p. 2S;^,) is an atoll : his account, as observed by Krusonstern, differs 
from that given in I'unning'a V'oyage, (p. 224) which, liowever, is 
far from clear; coloured blue. — Wushitufton Isld. (4^^ N., ljl)° W.) 
is engraved as a low isld. in D’Crville’s chart, but is descrilnd by 
Fanning, (p. 220,) as having a much greater elevation than Fanning 
Isld., and hence 1 presume it is not an atoll ; not coloured. — 
Piihnjjra IM. X., H>2^ W.) is an atoll dividi d into two j>arts, 
(Kruseustem's Mem, iSuppl. p. .'>0, also Fanning's N oyago, p. 2'VS) ; 
bine. — ’if, or Johnston's Islds. (17^ X., J70^ M .) (’ant. Smyth, 
R.X., has had the kindness to inform me that they consist of two 
very low small island'^, with a dangerous reef off the east end 
of them. Capt. Smyth d(H‘s not recrilloct whetlo r these i.slets, 
together with the re(‘f, surromuk d a Lagoon ; unetdonred. 

SAM>wini Aucft. — //(trfiii ; in the cliart in hreycinet’s atlas, 
small portions of the coast are fring' d l»y n tds ; an<l in tlie accom- 
panying Hydrog. Memoir, ns-fs an^ mentioned in s(‘verul jdaca's, and 
the coral is said to injure tlie cahle'». On auv sith- of the islet of 
Kohaihai there is a bank of sand and coral with live feet water on 
it, running parallel to the ^Imre, and ir.'ning a channel of about fifteen 
feet deep within. I hase <'oluured this i.^ld. red, hut it is V(?ry much 
less perfectly fringed tlian others of tin? group . — MtHfl : in bVeyci- 
not's cliart of the anchorage of Rahelna, two or thn‘(* miles of coast 
are sc‘eu to be fringed ; and in the Hydrog. Memoir “ banks of coral 
alongshore" arc spoken of. Mr. F. I). Bennett informs me that 
the reefs, on an average, extend about a quarter of a mile from the 
bcacli ; the land i.s not very steep, and outside the reefs the sc*a docs 
not become deep very suddenly; coloured red.— I presuirc, 
is fringed : Freycinet speaks of tlie breakers extending along tlio 
shore‘at a little distance from it. From the chart, I Ixdieve it is 
fringed; coloured red.— ; Freycinet, in hi.s Hydrog. Memoir, 
mentions sopie of tlie- reefs. Mr. F. D. Bennett informs me that the 
shore is skirted foieforty or fifty miles in length. There is even a 
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harbour for ships formed by the reefs^ but it is at the mouth of a 
valley ; red. — Atoox^ in La Peyrouse’s charts, is represented as fringed 
by a reef, in the same manner as Oahu and Morotoi ; and this, as 1 
have been informed by Mr. Ellis, on part at least of the shore, is of 
coral formation : the reef does not leave'a deep channel within ; red. — 
Oneehow ; Mr. Ellis believes this island is also fringed by a coral-reef : 
considering its close proximity to the other islands, I have ventured to 
colour it red. I have in vain consulted the works of Cook, Vancouver, 
La Peyrousc, and liisiansky, for any satisfactory account of the small 
islands and reefs, which lie scattered in a N.W. line prolonged from 
the Sandwich group, and hence have left them uncoloured, with one 
exception ; for I am indebted to Mr. F. I>. Bennett for informing me 
of an atoll-formed reef, in Lat. 22', Long. 178° 30' W., on which 
the Glcdstancs w^as wrecked in 1837. It is apparently of large 
size, and extends in a N.W. and S.E. line : very few islets have 
been formed on it. The lagoon seems to be shallow ; at least, the 
deepest part which was surveyed was only three fathoms. Mr. 
Coutliouy (Remarks, p. 38) describes this isld. under the name of 
Ocean isld. Considerable doubts should be entertained regarding the 
nature of a reef of this kind, with a very shallow lagoon, and stand- 
ing far from any other atoll, on account of the j)ossibility of a crater 
or flat bank of rock lying at the proper depth beneath the surface of 
the water, thus aftbrding a foundation for a ring- formed coral-reef. 
I have, however, thought myself compelled, from its large size and 
symmetrical outline, to colour it blue. 

Samoa or Navigator Group. — Kotzebue, in his second voyage, 
contrasts the structure of tliese islands with many others in the 
Pacific, in not being furnished with harbours for ships, formed by 
distant coral-reefs. Tlic Rev. J. Williams, however, informs me, 
that coral-reefs do occur in irregular patches on the shores of thc^e 
islands ; but that they do not form a continuous band, as round 
Mangaia, and other sucli perfect cases of fringed islands. From the 
charts accompanying La Peyrouse’i voyage, it appears that the 
north shore of Samii^ Maounay Oroseyiga, and Manuay are fringed 
by reefs. La Peyrousc, speaking of Maouna, (p. 1 26.) says that 
the coral-reef surrounding its shores, almost touches the beach ; and 
is breached in front of the little coves and streams, forming passages 
for canoes, and probably even for boats. Further on (p. 159.) he ex- 
tends the same observation to all the islands which be visited. — Mr. 
Williams in bis Narrative, speaks of a reef going round a small island 
attached to Oj/olavay and returning again to it^: all fhese islands 
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have h&m coloured red. — A chart of Rose inland, at tito extreme 
woet cud of the group, is given by Freycinet, from whicli I sliouhl 
have thought that it had b«?en an atoll ; hut according to Mr. 
CouUiouy (Remarks, p, 43.) it consists of a reef, only a leoguo in 
circuit, surmounted by a very few low islets ; the lagoon is very shal- 
low, and is strewed with mimerous large boulders of volcanic rock. 
This island, therefore, probably consists of a hank of rock, a few feet 
submerged, with the outer margin of its upper surface fringed witli 
reefs ; hence it cannot bo j^roperly classed w^h atolls, in which tho 
fouudatious arc always supposed to lie at a depth, gn'aU^r than that 
at which the rcof-eonstnicting polypifers can live ; not coh>ure<l. 

Reej\ 20*^ S. W., is described in the Naut. Mag.. 
(May 1833, p. 442) as ten miles lung in a X. A' 8. line, and eigiit 
wide ; “in the inside of the reef, there appears dei'p water tliere 
is a passage near the S. W. corner: tliis therefore seems to be a 
suhiucrged atoll, and is coloured blue. 

Siivtv;c I si., 10® S. 170® \V., has been descrilH*d by Cook and 
Forster. The younger Forster, (vol. ii. p. 1C3.) says it is about 
forty feet high : he suspects that it coutains a low ])lain, which for- 
merly >vas the lagoon. The Rev. J. Williams informs me that the 
reef fringing its shores, rt'somblos that round Mangaia ; cidoured red. 

Fkiendly Aucii. — Puhtaart Isl: judging from the chart in 
Freycinet’s Atlas, I should have sujiposed that ii ha<l been n'giilarly 
fringed; but as nothing is said in the Ilydrog. Memoir (or in the 
voyage of Tasman, the discoverer) about coral-reefs, I have loft it 
uncoloured. — Tcm-pit^thun : In the atlas of the voyage of the Astro- 
labe, the w’hole south side of the island is representisl as narrowlv 
fringed by tlie same reef whieli forms an extensive j)latform on the 
northern side. The origin of this latter reef, whicli might have 
been mistaken for a barrier- reef, h.xs already been attempted to 
be explained, when giving the proofs of tin? recent elevation of this 
island.— In Cook’s charts the little outlying i^^land also of 
is represcnteil as fringed ; coloured red . — liJoua : I caimot make 
out from Capt. Cook's charts and descriptions, that this island has 
any reef, although tlic bottom of the neighbouring s(‘a seems to bo 
corally, and the island itself is formed of coral-rock. Forster, how- 
ever, distinctly (Observations, p. 14.) classes it with high islands 
having reefs, but it certainly is not encircled hy a barrier-reef ; and the 
younger Forster (Voyage, vol, 1., p. 42G.) Hays, that “ a bed of coral 
rocks surrounded tlie coast towards the landing-placfs” 1 have 
therefore efassed i/, with the fringed island.s, and coloured it red. 

2 



PACIFIC OCEAN. 


161 


The several islands lying N. W. of Tongatabou, namely Anamoiika^ 
Koinango^ Kotou^ Lefouga^ Foa^ &c., are seen in Capt. Cook s cliart < 
to be fringed by reefs, and several of them are connected togetlier. 
From the various statements iu the first valim| # Cooks third 
voyage, and csjjccially in the 4th and €th It appears that 

tliese reefs are of coral formation, and certainly do not belong to the 
barrier (class ; coloured red. — Foufoa 4* A'ao, forming the western 
part of the group, according to Forster, have no reefs ; the former 
is an active volcano.— There is a chart of this singularly- 
formed island, by Espinoza : according to Mr. Willianis it consists 
of coral-rock : the Chevalier Dillon informs me that it is not fringed ; 
not coloured. Nor are the islands of Latte and Amargura^ for I 
have not seen plans on a largo scale of them, and do not know 
whether they are fringed. 

Niouha^ 1G° S. 174 ° W'. or Keppel Island of Wallis, or Cocos Isld. 
From a view and chart of this island, given in Wallis's Voyage, 
(4to. edit.) it is evidently encircled by a reef; coloured blue: it is 
however remarkable# that Boscaicen Island, immediately adjoining, 
has no reef of any kind ; uucolourcd. 

Wallis Island^ 13® S. 170° W., a chart and view of this island in 
Wallis's Voyage, (4to. edit.) shows that it is encircled. A view of 
it in the .Naiit. Mag. July 1833, p. 370., shows the same fact; 
blue. 

Alloufatou^ or Horn Island, Onoua/u^ or Prohg Island, and 
Hunter Islands, lie between the Navigiitur and Fidji groups, I can 
find no distinct accounts of them. 

Fidji or Viti Gkoup. — The best chart of the numerous islands of 
this group, will be found iu the Atlas of the Astrolabe’s Voyage. 
From this, and from the description given in the Ilydrog. Memoir 
accompanying it, it appears that many of these islands are bold and 
mountainous, rising to the height of between 3,000 and 4,000 feet. 
Most of the islands are surrounded by reefs, lying far from the land, 
and outside of which the ocean appears very d(.H)p. The Astrolabe 
sounded with 00 fathoms in several places about a mile from the 
reefs, and found no bottom. Although the depth within the reef, is 
not laid down, it is evident from several expressions, that Capt. 
D’Urville believes that ships could anchor within, if passages existjj*d 
through the outer barriers. The Chev. Dillon informs me that this 
is the case : bonce I have coloured this group blue. In the S. E. 
part, lies Datoa^ or Turtle island of Cook, (2ud Voyage, vol. 2. 
p. 23, and chart ; 4to, edit.) surrounded by a corlll-reef, “ wdiich 
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in some places extends two miles from the shore within tho reef 
the water appears to bo dcep» and oatside it is ivifathoinable ; 
coloured palo blue. At tho distance of a few miles Capt» Cook 
(ibid. p. 24) fmitid a circular coral-reef, four or five leagues in cir- 
cuit, with deq> water within ; in short, the hank wants only a few 
little islets to make it exactly like one of the half-drowned isles bo 
often mentioned,*' — namely, atolls. South of Batoa, lies the high 
island of (hio^ which appears in BelUnghausen’s atlas to bo encircled ; 
as do some other small islands to tho soiM) ; coloured pale blue : 
near Oiio, there is au annular-reef, quite similar to the one just 
described in the words of Capt. Cook ; coloured dark blue. 

lloloumahy 13° S. 179° E, — Frt>ni the chart in Duperrey's atlas, 
I tliought this isl. was encircled, and had coloured it blue ; but the 
Chev. Dillon assures me that the reef is only a fcliore or fringing one ; 
red. 

Tivkpi^ndcnce Isl. 10° S. l E., is described by Mr. fl. Bennett, 
(United *Servico Jonrn. 1831, part ii. p. 197) as a low island of coral 
formation ; it is small, and docs not a])]»ear <o contain a lagoon, 
although an opening through the reef is n fericd to. A lagoon ]>ro- 
bably onco existed, and has since been filled up ; left uncoloured. 

Ellk'E Guoi i *. — OmiVy an<l A7//(V Islds., are figured in 

Arrowsmitli’s ediart of the Pacific (eorm ted to 1832) a« •atolls, and 
are said to be very low; blue. — XiJrrJn/idisrh fsl. J am greatly 
indebted to the kindness of Admiral KruHn^tom, for sending me tho 
original documents concerning this i'^iand. From the jdans given by 
Uapts. Erg and Khremtshenko, and from tlic detailed account given 
by the fonner, it appears that it is a narrow coral island, about two 
miles long, containing a small lagoon, Tln‘ sea is very dtrep closer to 
the shore, which is fronted by sharp coral-rtxks. Capt. Keg com- 
pares the lagoon with that of other coral-island.s ; and he distinctly 
says, the land is “ very low.” I have tlicrcfore coloured it blue. 
Admiral Kniscnstcm (]\fcinoir on tlie Pacific, Append. 1835) slates 
tliat its shores are 80 ft. liigh ; this juobably arose from the licight 
of the cocoa-nut trees, with wliich it is covered, king mistaken for 
land.— 6Van Coral is said in KniscnstcmV Memoir to be low, and 
to be surrounded by a reef ; it is small, and therefore probably once 
c(intained a lagoon; nnco\onmh---St. Au^mtin, From a chart and 
view of it, given in tho Atlas of the Cocjuillcs Voyage, it appears to 
be a small atoll, with its lagoon partly filled up ; coloured blue. 

GiLiiKUT Gnoun. — The cliart of this group, given in the Atlas 
of the Coquille s Voyage, at onco shows that it is composed of ten 
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well cliaractcri35od atolk. In D'Urville and Ijottin's chart, Syden- 
ham is written with a capital letter, signifying that it is high ; but 
tliis certainly is not the case, fur it is a perfectly characterized atoll, 
and a sketch, showing how low it is, is given in the Coquille's 
Atlas. Some narrow strip-likc reefs project from the southern 
side of Drummond atoll, and render it irregular. The southern 
island o? the group is called Cltme (in some charts, Rotches) ; of 
this I can find no account, but Mr. F. D. Bennett discovered 
(Gcograph. Journ. vol. ^vii. p. 229,) a low extensive island in 
nearly the same latitude, about three degrees westward of the 
longitude assigned to Botches, but very probably it is the same 
island. Mr. Bennett informs me that the man at the mast-head 
reported an appearance of lagoon-water in the centre ; and, there- 
fore, considering its position, I have coloured it blue . — Pitl Isld., at 
the extreme northern point of the group, is left uncoloured, as its 
exact position and nature is not known. — Byron Isld., which lies a 
little to the eastward, docs not appear to have been visited since 
Coraraodoro Byrons, Voyage, and it was then seen only from a 
distance of 1 8 miles ; it is said to be low^ ; uncoloured. 

Ocean ^ Pleasant^ and Atlantic Islds. all lie considerably to the 
west of the Gilbert group : I have been unable to find any distinct 
account olt them. Ocean island is written with small letters in the 
French chart, but in Krusenstern's Memoir it is said to be high. 

Mausuall Group. — We are well acquainted with this group 
from the excellent charts of the separate islands, made during the 
two voyages of Kotzebue : a reduced one of the whole group may be 
easily seen in Krusenstern's Atlas, and in Kotzebue's Second Voyage. 
The group consists (wdth the exception of two little islands which 
probably have had their lagoon filled up,) of a double row of 23 largo 
and well-characterized atolls, from the examination of which Cha- 
misso has given us his well-known account of coral fonnations. I 
include Gasjyar-Rico^ or Cornwallis Isld., in this group, wdiich ia 
described by Chamisso (Kotzebue's First Voyage, vol. iii, p. 179,) 
as a low sickle-formed group, with mould only on the windward 
side." Gaspard Island, is considered by some geographers as a dis- 
tinct island lying N. E. of the group, but it is not entered in the 
chart by Krusenstern ; left uncoloured. In the S. W, part of this 
group lies Bariny Isld., of which little is known ; (sccKrusenstern’s 
Appendix, 1835, p. 141).) I have left it uncoloured; but 
Isld. I liave coloured blue, as it is described (Ibid.) ascoii^sting of 
1 4 small islands, which, no doubt, inclose a lagoon, os Represented in a 
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chart in the Coquillo’d Atlas. — Two islands^ A nr Kawen and 
Ga$far RicOy arc written in tho French chart with capital letters ; 
but this is an error, for from tho account given by Chainisso in 
Kotaobne's First Voyage, they arc certainly low. Tlio nature, 
position, and even existence, of the shoals and small islands north of 
the Marshall group, are doubtful. 

New Hebrides. — Any chart, on even a small scale, of these 
islands, will show that their shores arc almost without recf>», pre- 
senting a remarkable contrast with those of New' C.oledonia on tho 
one hand, and the Fidji group on the other. Nevertheless, I have 
been assurcxl by ^fr. G. Bennett, that coral grows vigorously on 
their shores ; as, indeed, will he further shown in some of the follow- 
ing notices. A^ therefore, these islands are not encircled, and as 
coral grows vigorously on their shores, wc might almost conclude, 
without further evidence, that they were frlngt^l, and hence 1 have 
applicil the red colour with rather greater frc'edom than in other 
instances. — an active volcano, someway south of 
the group (of which a plan is given in Atjas of the Astrolabes 
Voyage) does not appear to have reefs (►f any kind about it. — Annn- 
toniy the southernmost of the Hebrides ; from a rough w'<H)d-cnt 
given in the United Service Journal (18'H, Part iii. p, 11/0,) 
accompanying a paper by Mr. Bennett, it appears that tl;o shore is 
fringed ; coloured red. — Taitna ; Forster, in his Obsiervations 
(p. 22,) says Tanna has on its shores coral-rock and madrepores ; 
and the younger Forster, in his account (vul. ii. p. 2CB,) Kpeaking 
of the harbour says, the whole 8. K. side consists of coral-reefs, 
which are overflowed at high water : part of the southern shore in 
Cook's chart is represented as fringed ; coloured red. — /ni/Mcr, is 
described (United Service Jo\irn. 1831, Part iii. p, 192,) by Mr. 
Bennett, as being of moderate elevation, with cliffs appearing like 
sandstone: coral grows in patches on its sljorc, but I have not 
coloured it ; and I mention these facts, hecausi* IrniiuT might have 
been thought, from Forster's clavssificatlon (Observations, p. 14,) 
to have been a low island, or even an atoll. —AVr(>man^</o Isl. ; Cook 
(2d Voyage, vol. ii. p. 45, 4to. edit.) speaks of rf>cks every where 
lining the coivst, and the natives offered to haul his boat over tho 
breakers to the sandy beach : Mr. Bennett, in a letter to the editor 
of the Singapore Cliron., alludes to tho ree/M on its shores. It 
may, I think, bo safely inferred from these passages that tho shore 
is fringed in parts by coral reefs ; coloured icd. -^^Samlwich Isld., tho 
east coast is «ald (Cook's 2d Voyage, vol. ii. p. 41,) to be low, 

2 
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and to be guarded by a chain of breakers. In the accompanying 
chart it is seen to be fringed by a reef ; coloured red. — Mallicollo ; 
Forster speaks of the reef- bounded shore: the reef is about thirty 
yards wide, and so shallow that a boat cannot pass over it. Forster, 
also, (Observat. p. 23,) says, that the rocks of the sea-shore consist 
of madrepore. In the plan of Sandwich harbour, the lieadlands 
are represented as fringed; coloured red. — Aurora and Pentecost 
Islds., according to Bougainville, apparently have no reefs : nor has 
the large isld. of S. Espiriiu^ nor BUgk Isld, or Banks Islds., 
which latter lie to the N. E. of the Hebrides. But in none of these 
cases, have I met with any detailed account of their shores, or seen 
plans on a largo scale ; and it will be evident, that a fringing reef 
of only thirty, or even a few hundred yards in wddth, is of so 
little importance to navigation, that it will seldom be noticed, ex- 
cepting by chance ; and hence I do not doubt that several of these 
islands, now left uncoloured, ought to be red. 

Santa-Cruz Group. — Vanikoro (Fig. 1, PI. I.) oflEcrs a striking 
example of a barrier-reef ; it w^as first described by the Chevalier 
Dillon, in his Voyage, and was surveyed in the Astrolabe ; coloured 
pale blue. — Tikopia and Fataka islands appear, from the descrip- 
tions of Dillon and D’Urville, to have no reefs; Anouda is a 
low, flat isld., surrounded by cliffs, (Astrolabe Hydrog. and 
Krusenstem Mem. vol. ii. p. 432) ; these are uncoloured, — Toupoua 
(Otooboa of Dillon) is stated by Capt. Tromelin (Annales Marit. 
1829, p. 289) to be almost entirely included in a reef, lying at the 
distance of two miles from the shore. There is a space of three miles 
without any reef, which, although indented with bays, offers no 
anchorage from the extreme depth of the w ater close to the shore : 
Capt. Dillon also speaks of the reefs fronting this island ; coloured 
blue. — Santa-Cruz, I have carefully examined the works of Car- 
teret, Dentrecasteaux, Wilson, and Tromelin, and I cannot discover 
any mention of reefs on its shores ; left uncoloured. — Tinakoro is a 
constantly active volcano without reefs. — Meudana Islesy (mentioned 
by Dillon under the name of Mam7me^ &c.) ; said by Krusenstem to 
bo low, and intertwined with reefs. I do not believe they include 
a lagoon ; I have loft them uucoloured. — Buff* s islds. compose a 
small group directed in a N.W. and S.E. band; they are described 
by Wilson, (p. 296, Miss. Voy. 4to. edit.) as formed by bold peaked 
land, with the islands surrounded by coral-reefs, extending about 
half a mile from the shore : at the distance of a mile from the leeh 
he found only seven fi^thoms. As I have no reasop for supposing 
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tUero ta d«ep water within those rcefo, I have coloured them rod. 

irid., N.E. of DufiTs : I have been unable to find any 
account of it. 

New Caledonia. — ^Thc great barrier-recf« on the sliores of this 
idand have already been described : (Fig. 5, PI. II.) They have been 
vimted by Labillardiire, Cook, and the northern point by D’Urville ; 
this latter part so closely resembles an atoll that I have coloured it dark 
blue. The Loyalty group is situated eastward of this island ; from tho 
chart and description given in tho voyage of tho Astrolabe, they do 
not appear to have any reefs ; north of this group, there aro some 
extensive low reefs, (called Aitrolabe and Beaupri^) which do not 
seem to be atolUfoimed ; those are loft uncoloiirod. 

Ai'stralian Barrier-reef. — T he limits of this great reef, which 
has already been described, have been coloured from the charts of 
Flinders and King. In the northern parts, an atoll-formcii reef, 
lying outside the barrier, has been described by Bhgh, and is 
colo\ired dark blue. In the space between Australia and New 
Caledonia, called by Flinders the Corallian Sca^ there are numcrons 
reefs. Of these, some arc represented in Krusenstern* s atlas as having 
an atoll-like structure ; namely, Bampton shoal, FrederiCy Kmc or 
llorse-shoe, and Alert reefs ; these have been cohmred dark blue, 

Louisiade ; the dangerous reefs wliich front and surround the 
westeni, southern, and northern coasts of this ?k)-calltH;l jHjninsula 
and archipelago, seem evidently to belong to tho barrier cla^. Tho 
land is lofty, with a low fringe on the coast ; the reefs are distant, 
and the sea outride them profoundly deep. Nearly all that is known 
of this group is derived from the labours of Dcntrt^castcaux and 
Bougainville : tho latter has represented one continuous reef ninety 
miles long, ]>arallel to the shore, and in places as much as ten miles 
from it ; coloured pale blue, A little distance northward, wo have 
the Latiyhlan Islds., the reefs round which are engraved in the atlas 
of the Voyage of the Astrolal>e, in the same ntannor as in tho 
encircled islands of the Caroline arch. : the reef is, in jmrts, n mile 
and a half from the shore, to which it docs not ai)pear to be attached ; 
coloured blue. At some little distance from the extremity of tho 
Louisiade lies Wells reef, described in O. Hamili(>n*8 Voyage in 
ILM.S. Pandora, (p. 100): it is said, “wo found wo had got 
ertibayed in a double reef, which will soon bo an island/* As this 
statement is only intelligible on tho supposition of the reef being 
crescent pr horse-shoe formed, like so many other submerged annular 
reefs, 1 Iiavc vciAiurcdto colour it blue. 
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Saloman Archipelago : the chart in Krusenstem e atlas shows that 
those islands are not encircled, and os coral appears, from the works of 
Surville, Bougainville, and LabiUardiire, to grow on their shores, this 
circumstance, as in the case of the New Hebrides, is a presumption that 
they are fringed. I cannot find out anything from Dentrecasteaux’s 
Voyage, regarding tlie southern islds. of the group, so have left them 
uncoloured, — Malayta Isld. in a rough MS. chart in the Admiralty 
has its northern shore fringed. — Ysahel laid,, the N.E. part of this 
island, in the same chart, is also fringed: Mcndana, speaking. (Bur- 
ney, vol. i. p. 280) of an islet adjoining the northern coast, says 
it is surrounded by reefs ; the shores, also, of Port Praslin appear 
regularly fringed. — Choiseul Isld.; in Bougainvilles chart of Choiseol 
Bay, parts of the shores are fringed by coral-reefs. — Bottgainville 
Isld. ; according to Dcntrecasteaux, the western shore abounds with 
coral-reefs, and the smaller islands are said to be attached to the 
larger ones by reefs; all the before-mentioned islands have been 
coloured red.. — Bouka Islds. ; Capt. Duperrey has kindly informed 
me in a letter, that he passed close round the ‘northern side of thb 
island, (of which a plan is given in his atlas of the Coquillc's 
Voyage,) and that it was “ garnie d*uno bande de recifs k fleur deau 
adherentes au rivago;” and he infers, from the abundance of coral 
on the islands north and south of Bouka, that the reef probably is of 
coral ; coioured red. 

Off the north coast of the Salomon Arch., there are several small 
groups which are little known : they appear to be low', and of coral 
formation ; and some of them probably have an atoll- like structure : 
the Chev. Dillon, however, informs me this is not the case with the 
B. de. Candelaria. — Outony Jam^ according to the Spanish Navi- 
gator, Maurelle, is thus characterized; but this is the only one, 
wliich I have ventured to colour blue. 

New Ireland. — The shores of the S. W. point of this island 
and some adjoining islets, arc fringed by reefs, as may bo seen in the 
Atlases of the Voyages of the Coquillo and Astrolabe. M. Lesson 
observes that the reefs are open in front of each streamlet. The 
Duke of York's Isld. is also fringed ; but with regard to the other 
parts of New Ireland^ New Hanover.^ and the small islands lying 
northward, I have been finable to obtain any information. I will 
only add that no part of New Ireland appears to be fronted by 
distant reefs. 1 have coloured red only the above specified portions. 

New Britain and the Northern Shore of New Guinea. — ^From 
the charts in the Voyage of the Astrolabe, and from the Hydrog. 
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Memoir, it appears that theac coasts arc entirely without roefs, as arc 
ii%(»SckauUm islands^ lying close to the northern shoro of New Guinea* 
The western and southowestem parts of New Guinea, will be treated 
of when we come to the islands of the East Indian Archiindago. 

Admiraltv Group. — From the accounts by Bougainville, Mau- 
relle, Dentreeasteaux, and tlie scattered notices collected by Hors- 
burgh, it appears, that some of the many islds. composing it, are 
high, with a bold outline ; and others are very low, small and inter- 
laced with reefs. All the high islands ap]>ear to he frontecl by 
distant reefs rising abruptly from the sea, and within some of which, 
then' is reason to believe that the water is deep. I have therefore 
little doubt tliey are of the barrier class. In the southern part of 
the group, wc have Elizabeth utliL^ wliich is surrounded by a reef at 
the distance of a inile; and two miles eastward of it (Krnsenstem, 
Append. 1835, p. 42) there is a little island containing a lagoon. 
Near hm\ also, lies Circular- reefs (llorsburgh Direct, vol. i. p. (>91. 
4th edit.) three or four miles in diameter, having deep waUfr inside 
with nn opening at^the N.N.W. part, and on the outside steep to.*' 
I h.ave from these data, colourcfl the group pale Iduo, and circular- 
reef dark blue. — Anachoriten^ Echtj^iuier^ and //erm i/ejr, consist of 
innunierahle low islands of coral formation, which j)rol>ahly have atoll- 
like forms ; but not being able to ascertain this, I have not coloured 
them, nor Durour ishl.y which is described by C’artorct as low. 

The (’ahoi.lnk Arch, is now well km)wn, chiefly from the 
liydrogTa])hical labours of Lutke ; it contains about forty groups of 
ntolN, and three cncirckxl islands, two of which are engraved in 
I'ig. 2 and 7, PI. I. Commencing with the eastern part; the 
encircling reef round Ualan^ apj^ears to be only about half a mile 
from the shore ; but as the land is low, and covernl with man- 
groves, (Voyage autour da Monde, par F. Lntke, vol. i* p. 330) 
the real margin has not probably bcH*n ascertaiiRKl. The oxtre^mo 
depth in one of the harbours wdtliin the retT, is f33 fathoms, (see 
charts in atlas of Coquille’s Voyage,) and outside at half a mile dis- 
tance from the reef, no boitoui was fd>tainrd with 250 fathoms. 
The reef is surmounted by many islets, and the lagoou-like channel 
witliin is mostly shallow, and appears to have been much encroached 
oil by the low land surrounding the central mountains; these facts 
show that time has allow’cd much detritus to accumulate ; coloured 
pale blue. — Poui/nipeU or Seninvinc, In the greater part of the 
circumference of tliis island, tbe reef is about one mile and three 
quarters distant : on the north side it is live miles off the included 
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high islets The reef is broken in several places ; and just within it, 
the depth in one place is 30 fathoms, and in another, 28, beyond 
which, to all appearance, there was un porte vaste et sur/’ (Lutke, 
voh ii, p. 4.) coloured pale blue. — Hogoleu or Roug, This won- 
derful group contains at least 62 islands, and its reef is 135 miles in 
circuit. Of the islands, only a few, about six or eight, (see Hydrog. 
descrijjtion, p. 428 of the Voyage of the Astrolabe, and the large 
accompanying chart taken chiefly from that given by Duperrey,) 
are high, and the rest are all small, low, and formed on the reef. 
The depth of the great interior lake has not been ascertained ; but 
Capt DTTrville appears to have entertained no doubt about the 
possibility of taking in a frigate. The reef lies no less than fourteen 
miles distant from the northern coasts of the interior high islds. ; seven 
from their western sides, and twenty from the southern : the sea is 
deep outside. This island is a likeness on a grand scale to the Gam- 
bier group in the Low Archipelago. Of the groups of low * islands 
forming the chief part of the Caroline Archipelago, all those of lar- 
ger size, liave the true atoll-structure, (as may be seen in the atlas 
by Capt, Lutke) aifd some even of the very small ones, as Macaskill 
and Duperrey^ of which plans are given in the atlas of the Coquille’s 
Voyage. There are however, some low, small islands of coral for- 
mation, namely, Ollap^ Tamatam^ Biyali^ Satakoual^ which do not 
contain Ih goons ; hut it is probable that lagoons originally existed, 
but have since filled up : Lutke (vol. ii. p. 304.) seems to have 
thought that all the low islands, with only one exception, contained 
lagoons. From the sketches, and from the manner in which the 
margins of tliese islands are engraved in the atlas of the Voyage of 
the Coquille, it might have been thought that they were not low ; 
hut by a comparison with the remarks of Lutke (vol, ii. p. 107, 
regarding Bigali) and of Freycinet (Ilydrog. Mem. L'Uranie, Voy. 
p. 188, regarding Tamatam, Ollap, &c.) it will be seen that the 
artist must have represented the land incorrectly. The most 
southeni isld. in the group, namely, Piguiram^ is not coloured, be- 
cause I liave found no account of it. Nougotm\ or Monte Verdison^ 
wliich was not visited by Lutke, is described and figured by Mr. 
Bennett (United Service Journal, Jan. 1832,) as an atoll. All the 
ahovo-mentioned islands*have been coloured blue. 

Western part op the Caroline Archipelago, — F<m I^and 

* In D’Urville and Lottln’a chart, Peserare is written with capital letters ; 
but this evidently is an error, for it is one of the low islets on the reef of Na- 
monouyto (see Lutk^'s charts,) — a regular atoll. 
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is 90 feet high, and is surrounded, as I have been infonned by 
Admiral Luik^ by a narrow reef of living coral, of which the 
broadest part, as represented in the charts, is only 150 yards; 
coloured r^.-— PAt7t/> Isld., I believe, is low ; but Hunter, in his 
Historical Journal, gives no clear account of it ; uncoloured.— ^/iW, 
from the manner in which tlie islets on the reefs are engraved, 
in the Atlas of the Astrolabe's Voyage, I should have thought they 
were above the ordinary height ; but Admiral Lutke assures me this 
is not tlie case : they form a regular atoll ; coloured blue. Gomp 
(Eap of Cbamisso,) is a high island with a reef (see Chart in Voy. 
of Astrolabe,) more than a mile distant in most parts from the 
shore, and two miles in one part. Capt. DTTrinllo thinks tliat there 
would be anchorage (Ilydrog. Dt^ript. Astrolabe Voyage, p. 43(».) 
for ships within the reef, if a passage could be found ; coloure<l pale 
blue. — Ooulou^ from the chart in the Astrolabe's atlas, appears to 
be an atoll. D'Urville (Ilydrog. Descript, p. 437.) speaks of the 
low islets on the rtH.'f ; coloured dark blue. 

Pele>v Islds. — K rusenstern 8j)eak.s of some of the islands being 
mountainous ; the reefs are distant from the shore, and tiicro arc 
spaces within them, and not opposite valleys, with from ten to fiflocu 
fathoms. According to a MS. chart of the group by Lieut. Kiiner 
in the Admiralty, there is a large space w ithin the reef with deepish 
water : although tlie high land does not hold a central position with 
respect to tlie reefs, as is generally the case, I liave little doubt that 
the reefs of the IVlcw islands ought to be ranked with the barrier- 
class, and I have coloured tlicm pale blue. In Lieut. Elmer's chart 
there is a horse- si loc-fomied shoal, laid down thirteen miles N.W. of 
Pelcw, w’ith fifteen fathoms witliin the reef, and some dry banks on 
it; coloured dark blue, — Spanish^ Martirei^ Pulo Anna 

and Maru re isbinds arc not coloured, liecause I know nothing al>out 
them, excepting that according to Krusenstern, the second, third, and 
fourth mentioned, are low, placed on coral-reefs, and therefore jicr- 
hajis contain lagoons ; but Pulo Marierc is a little higlior. 

Mariana AncniPELAGO, or Ladrones. — Guahan. Almost the 
whole of this island is fringed by reefs, which extend in most parts 
about a third of a mile from the land. Even where the rcofo are 
most extensive, the water within them is shallow. In several jiarts 
ther^c is a navigable channel for boats and cantxjs within tho reefs. 
In i reyciuct’s Ilydrog. Mem., there is an account of those reefo, and 
in tho atlas, a map on a largo scale; coloured red, — Itota, ‘‘ L'ilo cst 
prcsquecnti^rementcntourec des r€cifs,"(p. 212, Freycinefs Ilydrog. 
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Mem.) These reefs project about a quarter of a mile from the shore ; 
coloured red. — Tinian. The eastern coast is precipitous, and is 
without reefs ; but the western side is frmged like the last island ; 
coloured red.-— The N. E. coast, and likewise the western 
shores appear to be fnnged ; but there is a great, irregular, homelike 
reef projecting far from this side ; coloured red. — Farallon de Medi- 
nillaj ;ippear8 so regularly and closely-fringed in Freycinct’s charts, 
that I have ventured to colour it red, althougli nothing is said about 
rce& in the Hydrographical Memoir. The several islands which 
form the northern part of the group are volcanic, (with the excep^^ 
tion perhaps of Torres, which resembles in form the madreporitic 
island of Medinilla,) and appear to be without reefe. — Mang$y 
however, is described (by Freycinet, p. 210, Hydrog.) from some 
Spanish charts, as formed of small islands placed au milieu des 
nombreux recifs and as these reefs in the general chart of the group 
do not project so much as a mile ; and as there is no appearance 
from a double line, of the existence of deep water within, I have 
ventured, although with much hesitation, to colour them red. Respec- 
ting Folger and liarshall hld9.y whidi lie some way east of the 
Marianas, I can find out nothing, excepting that they are probably 
low. Krusenstem says this of Marshall isl ; and Folger isl. is written 
with small letters in D’Urville s chart ; uncoloured. 

Bonin or Arzobispo Group. — Peel hid. has been examined by 
Capt. Bcechey, to whose kindness I am much indebted for giving me 
information regarding it: ‘‘ at Port Lloyd there is a great deal of 
coral ; and the inner harbour is entirely formed by coral reefs, which 
extend outside the port along the coast/' Capt. Beechey, in another 
part of his letter to me, alludes to the reefs fringing the island in all 
directions ; but at the same time it must be observed that the surf 
washes the volcanic rocks of the coast in the greater part of its cir- 
cumference. I do not know whether the other islands of the Archi- 
pelago, are fringed ; I have coloured Peel isld. red. — Grampus hid, 
to the eastward, does not appear (Meare's Voyage, p. 95.) to have 
any reefs, nor does Romrio Isld.^ (from Lutk6's chart) which lies to 
the westward. Respecting the few other islands in this part of the 
sea, namely the Sulphur Islds. with an active volcano, and those 
lying between Bonin and tJapan, (which are situated near the ex- 
treme limit in latitude, at which reefs are formed,) I have not J>een 
able to find any clear account. 

West End op New Guinea. — Port Dory, From the charts in 
the Voyage of the Coquille, it would appear that the ebast in this 
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pari la fftaged by coral-reefa ; M. liosson^ however, remarks that the 
coral is mokly; coloured red.— A oonstderablo portion 
of the northern shore of tlieso islaudbs are seen in the charts (on a 
large scale) in Freyciuci*s Atlas to be fringed by coral-reefs, For- 
rest (p, 21, Voyage to New Guinea) alludes to the coral-reefs 
lining the beads of Piapis Bay ; and Ilorsburgh, (voL ii. p. 599, 
4th edit.) speaking of the islands in Dampier Strait, says, V. sharp 
coral-rocks line their shores coloured red. — In the sea nortli of 
these islands, we have Ouide$^ (or JPreetcUl^ or St. fMviiTsy) which 
from the chart given in the ttoedit. of Carteret’s Voyage, must bo 
an atoll. Krusensiem says the islets are very low ; coloured blue. — 
CarU^irl't SAoaU^ in 2^ 53' N., are described as circular, witli stony 
]K}inis shewing all round, with dee|H’r water in the middle ; coloured 
blue. — Aiou; the plan of this group, given in the atlas of the 
Voyage of the Astrolabe, shows that it is an atoll ; aud, from a chart 
iu Forrest’s Voyage, it apjwars there is twelve fathon>s within the 
circular reef; coloured blue. — The 8. W, coast of New Guinea ap- 
pears to be low', muddy, and devoid of reefs. The Arrn^ Timor laut 
and Tenimher groups have lately l>eeii examined by Capt. Kolff, the 
5IS. translation of which, by Mr. W. Earl, I have Ikjcu penuitted to 
read, through the kindness of Capt. Washington, K.N. These 
islands arc mostly rather low', and are surroundeil l>y distant reefs ; 
(tlie Ki Islands, however, axe lofty, and, from Mr. Stanley’s survey, 
appear without reefs ;) the sea in some parts is shallow, in others 
profoundly deep, (as near I>arrat). From the imperfection of the 
publishcil charts, I have Ixtjn unable to d(*cide to which class tlurse 
reefs belongs. From the distance to which they extend from the 
land where the sea is very deep, I am strongly inclined to believe 
they ought to come within the barrier class, and bo coloured blue ; 
but I have been forced to leave them iinctdourtHl. — Tlie last-men- 
tioned groups arc connected with the cast end of Ceram by a chain 
of small islands, of which the small groups of Ceram-laut., Goram^ 
and Keffing are surrounded by very extensive reefs, projecting into 
deep water, which, as in the last case, I strongly sus|Krci belong 
to the barrier class ; but I have nut coloured tliem. From the 
south side of Keffing, the reefs project five miles, (AVindsor Earl’s 
sailing Direct, fur the Arafura Sea, p. 9.) • 

Ckham. — I n various charts wliich I have examined, several parts 
of the coast are represented as fringed by reefs. — Manij*a island, 
between Ceram and Bourou, in an old MS. chart in the Admiralty, is 
fringed by a very jrrcgular reef, partly dry at low water, which I do 
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not doubt is of coral formation ; both islands coloured red. — Bourou ; 
parts of this island appear fringed by coral-reefs, namely, the eastern 
coast, as seen in Freycinet's chart ; and Cajeli which is said by 
Horsburgh (vol. ii. p. 030) to be lined by coral-reefs^ that stretch 
out a little way, and have only a few feet water on them. In 
several charts, portions of the islands forming the Amboina Group 
are fringed by reefs ; for instance, Noesna^ Harenca^ and UcasteVy in 
Freycinet's charts. The above-mentioned islands have been coloured 
red, although the evidence is not very satisfactory.— North of Bourou 
the parallel line of the Xulla Isles extend : I Iiave not been able to 
find out anything about them, excepting that Horsburgh (vol. ii. 
p. 543) says that the northern shore is surrounded by a reef at the 
distance of two or three miles ; uncoloured. — Mysol Group ; the 
Kanary Islands are said by Forrest (Voyage, p. 130) to be divided 
from each other by deep straits, and are lined with coral-rocks ; 
coloured red. — Guehe^ lying between Waigiou and Gilolo, is en- 
graved as if fringed ; and it is said by Freycinet, that all the sound- 
ings under five fatl^oms were on coral ; coloured red. — Gilolo, In a 
cliart published by Dalrymple, the numerous islands on the western, 
southern, {Baichian and the Strait of Patientia^) and eastern sides 
appear fringed by narrow reefs ; these reefs, I suppose, are of coral, 
for it i^said in Malte Brun, (vol. xii. p. 153,) ‘‘sur les cotes (of 
Batchian) comme dans les plupart des iles de cet archipel, il y a de 
rocs do medrepores d’une beaute et d'une variete infinies.'* Forrest, 
also, (p. 50,) says Seland, near Batchian, is a little island with reefs 
of coral ; coloured red.— 3/ar/y Island, (north of Gilolo); Horsburgh 
(vol. ii. p. 506) says the northern coast is lined by reefs, projecting 
one or two miles, and having no soundings close to them ; I have left 
it uncoloured, although, as in some former cases, it ought probably 
to be pale blue. — Celebes, The western and northern coasts appear 
in the charts to be bold and without reefs. Near the extreme 
northern point, however, au islet in the Straits of Limbe^ and part 
of tho adjoining shore, appear to be fringed : the east side of the 
bay of ManadOy has deep water, and is fringed by sand and coral, 
(Astrol. Voyage Hydrog. Part, p. 453-4) ; this extreme point, 
therefore, I have coloured red. — Of the islands leading from this 
point to Magmdanao, 1 have not been able to find any account, 
except of Seranganiy which appears surrounded by narrow reefs f and 
Forrest (Voyage, p. 164) speaks of coral on its shores; I have, 
therefore, coloured this island red. To the eastward of this chain 
lie several islands ; of which I cannot find any iiccount, except of 
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which k laid by Ucmburgb (voL ti. p. 504) to bo lined 
hf m djuigetoiia led^ piojeoitng eovond milea from Uio nortlieni 
a^fo; noicoloufed. 

laULNiMi KKXR TiiiOR, — Thc account of the following iaianda ia 
taken from Capt D« KolflTa Voy%go in 1825, translated by Mr. W. 
Sail, from tlie Dutch . — LeUe Iiaa ** roofs extendiDg along ahoro at 
the distance of half a mile from the land .** — Moa has reeft on 
tiie S.W. part.~ZaJbr liaa a reef lining its ahoro ; theao islands 
arc coloured red* Still more eastward, Lttan has, differently from 
tho last-mentioned islands, an extensive reef; it is ateep outmde, and 
within there ia a depth of twelve feet ; from these facts, it is iiiipoa- 
sible to decide to wdiich class this island belongs. — Ki$ia^ off the 
point of Timor, baa ita shore fronteil by a reef, steep too on the 
outer side, over which small proahs can go at tho time of high 
wai^ coIoukhI rod . — Timor ; most of the points, and tome con- 
sideiable s{)aces of the nortliom shore, are seen in Frcycinct's chart 
to be fringed by coral-reefs ; and mention is made of them in the 
accomjianying llydrog. Memoir; coloured red.— 8. E. of 
Timor, appears iu Flinders’ chart to be fringed ; but I have not 
coloured it, as I do not know that thc reefs are of coral. — ihmftil- 
wood Isld. has, according to Ilorsburgli (voK ii. p. 007,) a reef on 
its southern shore, four miles distant from tho land ; as thp neigh- 
liouriiig sea is deep, and generally bold, this probably is a barricr- 
rcef, but I have not ventured to colour it. 

N. W, Coast of Australia. — It apj>ears, in Capt. King’s 
Sailing Directions (Narrative of Survey, vol. ii. pp. 325 to 360,) 
that there are many extensive coral-reefs skirting, often at conside- 
rable distances, tho N. W. shores, and encompassing tho small 
adjoining islets. Deep water, in no instance, is represented in tho 
charts between these reefs and the land ; and, therefore, they pro- 
bably belong to thc fringing class. But as they extend far into the 
sea, which is generally shallow, even in places where tho land seems 
to be somewhat precipitous; I have not colotired them. Ilout- 
man’s Abrolhos (lat. 28® S. on west coast) have lately been sur- 
veyed by Capt, Wickham (as described in Naut. Mag., 1841, 
p. 511) : they lie on the edge of a steeply-shelving bank, which 
extends about 30 miles seaward, along the whole line of coast. Tho 
two kouthem reefs, or islands, enclose a iagoon-like space of water, 
varying in depth from 5 to 15 fathoms, and in one spot with 
23 failiomst The greater part of tho land has been formed on their 
inland sides, by i?ic‘ accumulation of fragments of corals; the sea- 
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ward face consisting of nearly bare ledges of rock. Some of the 
specimens, brought home by Capt. Wickham, contained fragments 
of marine shells, but others did not ; and these closely resembled a 
formation at King George’s Sound, principally due to the action of 
the wind on calcareous dust, which I shall describe in a forth- 
coming Part. From the extreme irregularity of these reefs with 
their lagoons, and from tlieir position on a bank, the usual depth of 
which is only dO fathoms, I have not ventured to class them with 
atolls, and hence have left them uncoloured. — Rowley Shoals. 
These lie someway from t)ie N. W. coast of Australia : accord- 
ing to Capt. King (Narrative of Survey, vol. i. p. 60,) they are 
of coral-formation. They rise abruptly from the sea, and Capt. 
King had no bottom with 170 fathom close to them. Three of 
them are crescent-shaped ; they are mentioned by Mr. Lyell, on the 
authority of Capt. King, with reference to the direction of their 
open sides. ‘‘ A third oval reef of the same group is entirely sub- 
merged,” (Principles of Geolog., Book iii. chap, xviii.) ; coloured 
blue. — Scott's BecJi^ lying north of Rowley Shoals, are briefly de- 
scribed by Capt. Wickham (Naut. Mag., 1841, p. 440): they 
appear to be of great size, of a circular form, and “ with smooth 
water within, forming probably a lagoon of great extent.” There is 
a break pn the western side, where there probably is an entrance : 
the water is very deep off these reefs ; coloured blue. 

Proceeding westward along the great volcanic chain of the East- 
Indian archipelago, Solor Strait is represented in a chart published 
by Dalryraple from a Dutch MS., as fringed ; as are parts of 
Flores^ of Adenara^ and of Sohr. Horsburgh speaks of coral 
growing on these shores, and therefore I have no doubt that the 
reefs are of coral, and •accordingly have coloured them red. We 
hear from Horsburgh (vol. ii. p« 602,) that a coral flat bounds 
the shores of Sapy Bay. From the same authority it appears 
(p. 610,) that reefs fringe the island of Timor^Younyy on the 
N. shore of Sumbawa ; and, likewise, (p. 600,) that BaUy town 
in Lombocky is fronted by a reef, stretching along the shore at the 
distance of a hundred fathoms, with channels through it for boats ; 
these places, therefore, have been coloured red . — Bally laid. : In a 
Dutch MS. chart on a large scale of Java, which was brought from 
that island by Dr. Horsfield, who had the kindness to show it* me 
at the India-House, its western, northern, and southern shores 
appear very regularly fringed by a reef (see, also, Horsburgh, 
vol. ii. p. 593) ; and as coral is found abundai^ly there, I have 



m 


AFPeNI>IX« 


mi the leeat douht that the teef U of eoralf and tlieroforo Imvo 
edtoimd it red* 

JATA*~My iiiformatioii regarding tho roefo of iUia gteoi blannl 
ia derirod from the chart jiurt mentioned. The greater part of 
Madmr» b repreeenteit in it as regularly fringed» and likewiao per- 
ti<ms of the const of Java immediately soutii of it. Dr. Ilocsiield 
informs me that coral is very abundant near Souratfaya* Tlie islets 
and parts of the N. coast of Java, west of Point or Japara^ 

are fringed by reefs, said to be of coral. Lulitcky or Bnvian islaudy, 
lying at some distance from tho shore of Java, are regularly fringed by 
corai-redSs: Carimon Jam api>ears equally so, though it is not din'ctly 
82 ud that the reeCs arc of coral ; there is a deptti between 30 and 
iO fathoms round those Islands. Parts of the shores of Sunda Str., 
where the water is from 40 to 80 fathoms deep, and the islets near 
Baiatfia appear in sovoral charts to be fringed. In the Dutch 
chart the southern shore, in the narrowest part of the island, is in 
two places fringed by reefs of coral. West of Seyorrowtkke Bay, 
and the extreme S.E. and E. |>ortions are likewise fringed by coral* 
reefe; all the above-mentioned places coloured re^. ^ 

Maeauar Str, ; the east coast of Borneo appears, in most parts, 
free from reefs, and where they occur, as on tho coast of PamU’ 
roongy the sea is very shallow; hence no part is coloured. In 
Miicaesar Str. itself, in about lat. 2® S., there are many small 
islands with coral shoals projecting far from tliem. There are also 
(old charts by Dalrymplc) numerous little Hats of coral, not rising 
to the surface of the water, and shelving suddenly from five fathoms 
to no bottom with fifty fathoms; they do not appear to have a 
lagoon-like structure. There arc similar coral-shoals a little farther 
south ; and in lat. 4° ,05' there are two, which are engraved from 
modem surveys, in a manner which might represent an annular 
reef with dwp water inside ; Capt. Moresby, how'ever, who was 
formerly in this sea, doubts this fact, so that I have left them un- 
coloured : at the same time I may remark, that these two shoals 
make a nearer approach to the atolMikc structure than any other 
within the E, Indian arch. ^ Southward of these shoals there are other 
low islands and irregular coral-reefe ; and in the space of sea, north 
of the great volcanic chain, from Timor to Java, wo have also other 
islands, such as the Poetillionty KaUitoa^ Tokan- Be$se4!$y6e,c,yV^hvA\ are 
chiefly low, and are surrounded by very irregular and distant reefs. 
From the imperfect charts I have seen, I have not been able to 
decide whether tl^y belong to tho atoll or barrier- classes, or whether 
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they merely fringe submarine banks, and gently sloping land. In 
the Bay of Bonin^ between the two southern arms of Celebes, there 
are numerous coral-reefs ; but none of them seem to have an atdl-* 
like structure. I have, therefore, not colohred any of the islands in 
this part of the sea ; I think it, however, exceedingly probable that 
some of them ought to be blue. I may add that there is a harbour 
on the S J5. coast of Bouton^ which, according to an old cl^art, is 
formed by a reef, parallel to the shore, with deep water within ; and 
in the voyage of the Coquille, some neighbouring islands are repre- 
sented with reefs a good way distant, but I do not know whether 
with deep water within. I have not thought the evidence sufficient 
to permit me to colour them. 

Sumatra. — Commencing with the west coast and outlying blands; 
Engano Idd, is represented in the published chart as surrounded 
by a narrow reef, and Napier, in his sailing directions, speaks of the 
reef being of coral (also Ilorsburgli, vol. ii. p. 115); coloured red. 
Rat IshL 3® 51' S. is surrounded by reefs of coral, partly dry at low 
water (Ilorsburgli, vql. ii. p. 96 ) — Trieste hid, (4® 2' S.) The 
shore is represented, in a chart which I sawr at the India Ildtise, as 
fringed in such a manner, that I feel sure the fringe consists of coral; 
but as the island is so low, that the sea sometimes flows quite over 
it, (Dampier Voyage, vol. i. p. 474) I have not coloured it. — 
Dooa^ lat. 3®. lu an old chart it is said there are chasms in thereefe 
round tlie island, admitting boats to the watering-place, and that the 
southern islet consists of a mass of sand and coral .— Pimng ; 
Ilorsburgli (vol. ii, p. 86) says that the rocky coral bank, which 
stretches about forty yards from the shore, is steep to all round : in 
a chart, also, which I have seen, the island is represented as regu- 
larly fringed . — Pulo Mintao is lined with reefs on its west side 
(Horsburgh, vol. ii. p. 107 ). — Pulo BaniaJc ; the same authority 
(vol. ii. p. 105), speaking of a part, says it is faced with coral 
rocks. — Mingiiin^ 3® 36^ N. A coral reef fronts this place, and 
projects into the sea nearly a quarter of a mile (Notices of the Indian 
Arch, published at Singapore, p. 105 ). — Pulo Brassa^ 5® 46' N. 
A reef surrounds it at a cable’s length (Horsburgh, vol. ii, p. 60). 

I have coloured all the above specified points red. I may here add, 
that both Horsburgh and Mr. Moor (in the Notices just alluded to) 
frequently speak of the numerous reefs and banks of coral on th# 
west coast of Sumatra ; but these nowhere have the structure of a 
barrier-reef, and Marsden (History of Sumatra) states, tha^ where 
the coast is flat, the fringing reefs extend furthest (rom it. The 
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HQithilM And ftouihem points, and tlio greater pari of the east coadt, 
•I# iow^ and fiaoed with mud banks, and therefore without coral. 

KicoBan IsLANi>s,~The chart represents the islands of this group 
aa fringed by reefs. With regard to Oreai Nicobar^ Capt. Moresby 
informs me, that it is fringed by reefs of coral, extending between 
206 and 800 yards from the shore. The NortAem Nkoban appear 
so regularly fringed in the published charts, Uiat I have no doubt 
the reefe arc of coral. This group, therefore, is coloured red. 

Andaman Islands. — From an examination of the MS. chart, on 
a large scale, of this island, by Capt. Arch. Blair, in the Admiralty, 
several portions of the coast apjHar fringed ; and as Horsburgli 
speaks of coral reefs being numerous in the vicinity of these islandn, 
I should have coloured them ixhI, ha<l not some expressions in a 
paper in the Asiatic Researchta (voL iv. p. 402) led me to doubt the 
existence of reefs ; uncoiourc<l. 

The coast of Tava*sf^tm^ and the coasts northward, 

appear in tlic greater part to be low and muddy : where reefs occur, 
fts in juirts of Malacca Straits^ and near SinyaporCy they are of the 
fringing kind ; but the water is so shoal, that I have not colonre<l 
them. In the sea, liowever, betwxcn Malacca and the west coast 
of Borneo, wdiore there is a greater depth from tO to 50 fathoms, I 
have coloured rc<i some of the groups, which are regularly fringed. 
The northern Natnna^ and the Anamhas Tslds. are represcnteil in 
the charts on a large scale, publishetl in the Atlas of the Voyage of 
tlie Favourite, as fringed by reefs of coral, with very shoal water 
within them. — TumMan and tiunoa Islds. (1® N.) are represented 
in the Kiigli.sh charts as surrounded by a very regular fringe. — Si, 
Bar^MS (0® 15' N.) is said by Ilorsbiirgh (vol. ii, p. 279) to bo 
fronted by a reef, over which boats can land only at high w’atcr. — 
The shore of Borneo at Tunjong Aj>ee is also fronted by a reef, 
extending not far from the land (Ilorsburgh, vol. li. p. 4(i8). These 
places I have coloured red ; although with some hesitation, as the 
water is shallow. I might perhaps have added Pulo Leat^ in 
Gaspar Sir., Lucepara and Carirnata ; but as the sea is confined and 
shallow, and the reefs not very regular, I have left them un- 
coloured. 

The water shoals gradually towards the whole west coast of 
Btprneo : I cannot make out that it lias any reefs of coral. The 
islamis, however, off the northern extremity, and near the 8.W. end 
of Pal^vran^ are fringed by very distant coral reefs ; thus the reeft 
in the case oieBalahac arc no less than five miles from the land; 
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but the 8oa, in the whole of this diatrict, ie so shallow, that the reefs 
might be expected to extend very far from the land. I have not, 
therefore, thought myself authorized to colour them. The N.E. 
point of Borneo, where the water is very shoal, is connected with 
Magindauao by a chain of islands called the Sooloo Archipelago^ 
about which I have been able to obtain very little information; 
Pangoataran^ although ten miles long, entirely consists of a bed of 
coral-rock (Notices of E. Indian Arch. p. 58) ; I believe from 
Ilorsburgh that the island is low; not coloured. — Takow hank^ in 
some old charts, appears like a submerged atoll; not coloured. 
Forrest (Voyage, p. 21) states that one of the islands near Sooloo is 
surrounded by coral rocks ; but there is no distant reef. Near the 
8. end of Basselan^ some of the islets in the chart accompanying 
Forrests Voyage, appear fringed with reefs; hence I have coloured, 
though unwillingly, parts of the Sooloo group red. The sea be- 
tween Sooloo and Palawan, near the shoal coast of Borneo is in- 
terspersed with irregular reefs and shoal patches ; not coloured : 
but in the northern part of this sea, there are two low islets, 
Cagayancs and Cavil surrounded by extensive coral-reefs ; the 
breakers round the latter (Ilorsburgh, vol. ii. p. 513) extend 5 or 
G miles from a sand-bank, which forms the only dry part ; these 
breakers ve steep to outside ; there appears to be an opening through 
them on one side, w’ith four or five fathoms within : from this 
description, I strongly suspect that Cavilli ought to be considered an 
atoll ; but, as I have not seen any chart of it, on even a moderately 
large scale, I have not coloured it. The islets off the northern end 
of Palaican are in the same case as those off the southern end, 
namely they are fringed by reefs, some way distant from the shore, 
but the water is exceedingly shallow ; uncoloured. The western 
shore of Palawan will be treated of under the head of China Sea. 

Phillippine Archipelago. — A chart on a large scale of Appoo 
skoaly which lies near the S. E. coast of Mindoro, has be^t executed 
by Capt. D. Ross : it appears atoll-formed, but with rather an 
irregular outline ; its diameter is about ten miles ; there are two well 
defined passages leading into the interior lagoon, which appears 
open ; close outside the mef all round, there is no bottom with 
seventy fathoms ; coloured blue.— il/iWoro ; the N. W. coast is 
represented in several charts, as fringed by a reef ; and Luban htA. 
is said, by Horsburgh, (vol. ii. p. 436) to be ‘‘ lined by a reef." — 
Luzon: Mr. Cuming, who has lately investigated with to much 
success the Natural History of the Phillippines, informs me, that 
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ab<wi thiee nnles of the bhore north of Point St. Jago, ia fringed by 
a reef; as arc (Ilorsburgh, voL ii. p. 4t*^7) tlie Tluree Fi^an# off 
Silanguin Bay. Between Point Capones and Playa Honda, the 
coast is lined by a coral ri'ef, stretching out nearly a mile in some 
places,’* (Horsburgh) ; and Mr. Cuming visited some fringing reefs on 
parts of tills coast, namely, near Puebla, Iba, and Mansinglor. In 
the neighbourhood of Solon-solon Bay, the shore is lined •(Hors- 
bnrgh, ii. p. 430) by coral reefs, stretclung out a great way : there 
are also reefs about the i.'^lets off Solamague ; and as I am informed 
by Mr. Cuming, near St. Catalina, and a litle north of it. Tlie 
same gentleman informs me there are reefs on the S. E. point of this 
island in front of Samar, extending from Malalabon to Bulusan. 
These appear to be the principal fringing- reefs on the coasts of 
laizon; and they have all been c<»loured re<l. Mr. Cuming informs 
me that none of them have deep water within ; although it appears 
from Ilorsburgh that some few extend to a considerable distance 
from the shore. Within the Phillippine Archi|Hdago, the shores of 
the islands do not appear to be commonly fringejl, with the exception 
of the S. shore of Miubate^ and nearly the whole of Bohol ; which 
are both coloured red. On the S. shore of Mapindanao^ Bunwoot 
Isld. is surrounded (according to Forrc*st, Voyage, ]>. 253), by a coral- 
reef, which in the chart appears one of the fringing class. ^ With re- 
spect to the eastern coasts of the whole Archijndago, I have not been 
able to obtain any account. 

Babi VAN Islands. — Ilorsburgh says, (vol. ii. p. 442) coral-reefs 
line the shores of the harbour in Fiiga ; and the charts show there are 
other reefs aliout these islands. Cami(/uin has its shore in parts 
lined by coral -r^)ck (Ilorsburgh, p. 443); about a mile off shore 
there is between 30 and 35 fathoms. The plan of Port San Pio 
Quinto shows that its shores are fringtHi with coral ; coloured red. — 
Basiiee Islands : Ilorsburgh, speaking of the southern part of the 
group, (vol. ii. p, 445) says the shores of both islands are fortified 
by a reef, and through some of the gaps in it, the natives cati pass 
in their boats in fine weather ; the bottom near the land is coral- 
rock. From the publisht^d charts, it is evident that several of these 
islands are most regularly fringed ; coloured red. The northern 
islands are left uncoloiired, as I have been unable to find any account 
of them. — Formosa. Tlie shores, especially the western one, seem 
chiefly composed of mud and sand, and I cannot make out that they 
arc anyv^hcre lined by reefs ; except in a harbour (Ilorsburgh, vol. ii. 
p. 449) at th{^ extreme northern point: hence, of course, the whole 
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of tbiB island is left tincoloured. The small adjoining islands are in 
the same case. — Patchow, or Marjiko-sima Groups. Patchmon 
has been described by Capt. Broughton (Voy. to the N. Pacific, p. 
101); he says, the boats, with some difficulty, found a passage 
through the coral-reefs, which extend along the coast, nearly half a 
mile off it. The boats were well sheltered within the reef; bm it 
does noi^ appear that the water is deep there. Outside the reef 
the depth is very irregular, varying from five to fifty fathoms; the 
form of the land is not very abrupt ; coloured red. — Taypin-san ; 
from the description given (p. 105,) by the same author, it appears 
that a very irregular reef extends to the distance of several miles, from 
the southern island ; but whether it encircles a space of deep water is 
not evident ; nor, indeed, whether these outlying reefs are connected 
with those more immediately adjoining the land ; left uncoloured. 
I may here just add that the shore of Kumi^ Patchow,) 

has a narrow reef attached to it in the plan of it, in I>a Peyrouso’s 
atlas ; but it does not appear in the account of the voyage that it is 
of coral ; uncoloured.— Loo Cuoo. The greater part of the coast of 
this moderately hilly island, is skirted by reefs, which do not extend 
far from the shore, and which do not leave a channel of deep water 
within them, as may be seen in the charts accompanying Capt, B. 
Hall's voyage to Loo Choo, (see also remarks in Appendix, p. xxi. 
and XXV.) There are, however, some ports with deep water, formed 
by reefs in front of valleys, in the same manner as happens at 
Mauritius. Capt. Beechey, in a letter to^ me, compares these reefs 
with those encircling the Society Islands ; but there appears to me a 
marked difference between them, in the less distance at which the 
Loo Choo reefs lie from the land with relation to the probable sub- 
marine inclination, and in the absence of an interior deep water- 
moat or channel, parallel to the land. Hence, 1 have classed these 
reefs with fringing- reefs, and coloured them red. — Pescadores (west 
of Formosa). Dampier (vol, i. p. 416,) has compared the appearance 
of the land to the southern parts of England. The islands are inter- 
laced with coral reefs ; but as the water is very shoal, and as spits 
of sand and gravel (Horsburgh, vol. li. p. 450,) extend far out from 
them, it is impossible to draw any inferences regarding the nature of 
the reefs. 

China Sea. — Proceeding from north to south, we first meet th# 
Pratas Shoaly (Lat. 20® N.) which, according to Horsburgh, (vol. ii. 
p. 335,) is composed of coral, is of a circular form, and ha^ a low 
islet on it. The reef is on a level with the water’s e^ge, and when 
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ibe Ml nuis high, there are breakers mostly all rounds btit the water 
within seems pretty deep in some places ; although steep to in most 
parts outside^ there appears to bo several parts where a siiip might 
ind anchorage outside the breakers coloured Woe, — The PamcdU 
have been accurately surveyed by Capi. D. Ross, and charts on a 
large scale published : but few low islets have been formed on these 
riioals, and this seems to be a general circumstance in the China Sea ; 
the sea close outside the reefs is very deep ; several of them have a 
lagoon-like structure ; or separate islets {Prattle^ Polity Drum^ 
mondy &c.) are so arranged round a moderately shallow S}>acOy as to 
appear as if they had once formed one large atoU. — Bombay Shoal 
(one of the Paracella) has the form of an annular reef, and is appa- 
rently deep within;** it seems to have an entrance (Horsburgh, 
vol. li. p. 332) on its west side ; it is very steep outside . — Discoveiy 
Shoaly also, is of an oval form, with a lagoon-like space within, and 
three openings leading into it, in which there is a depth from two to 
twenty fathoms. Outside, at the distance (Ilorsburgh, vol. ii. 
p. 333) of only twenty yards from tlie reef, foundings could not bo 
obtained. The Paracells are coloured blue. — MacchiffiM Bank : 
this is a coral bank of great size, bnng east of the Paracells ; some 
parts of the bank are level, with a sandy bottom, but. generally, the 
depth is very irregular. It is iriterst'cted by deep cuts pr channels. 
I am not able to perceive in the published charts, (its limits, how- 
ever, are not very accurately known) whether the central j>art is 
deeper, wliich 1 suspect ia^the case, as in the great Chagos Bank, in 
the Indian Ocean ; not coloured. — Sairhoroityh Shoal : tliis coral 
fihoal is engraved with a double row of crosses, forming a circle, as if 
there was deep water within the reef : close outside there was no 
bottom, with a hundred fathoms ; coloured blue,— The sea off the 
west coast of Palawan and the northern part of Borneo is strewed 
with shoal-s : Svrallow Shoaly according to Horsburgh, (vol. ii. 
p. 431,) “is'formed, like most of the shoals hereabouts, of a belt of 
coral-rocks, with a basin of deeper water within/* — Ualf-Moon Shoal 
has a similar structure ; Capt. D. Ross describes it, as a narrow belt 
of coral-rock, “ with a basin of deep water in the centre,” and deep soa 
close outside. — Bombay Shoal appears (Ilorsburgh, vol. ii. p. 432) 
to be a basin of smooth water surrounded by breakers.*' These 
three shoals I have coloured blue. — The Paraqaas Skoah are of a 
circular form, with deep gaps running through tliem ; not coloured. 
— A bank, gradually shoaling to the depth of 30 fathoms, extends to 
a distance of about 20 miles from the nortliem part of BormOy and 
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to 30 miles from the northern part of Palawan. Near the land this 
bank appears tolerably free from danger^ but a little further out it is 
thickly studded with coral shoals, which do not generally rise quite 
to the surface ; some of them are very steep to, and others have a 
fringe of shoal- water round them. ' I should have thought that these 
shoals had level surfaces, had it not been for the statement made by 
lIors{)urgh that most of the shoals hereabouts are formed of a belt 
of coral.” But, perhaps, that expression was more particularly 
applied to the shoals further In the offing. If these reefs of coral 
have a lagoon-like structure, they should have been coloured blue, 
and they would have formed an imperfect barrier in front of Palawan 
and the northesn part of Borneo. But, as the water is not very 
deep, these reefs may have grown up from inequalities on the bank : 
I have not coloured them. — The coasts of Chxnay Tonquin^ and 
Cochin-China.^ forming the western boundary of the China Sea, 
appear to bo without reefs : with regard to the two last-mentioned 
coasts, I speak after examining the charts on a large scale in the 
atlas of tlie Voyage of the Favourite. 

Indian Ocean. — Soaih Keeling atoll has been specially described : 
nine miles north of it lies North Keeling, a very small atoll, surveyed 
by the Beagle, the lagoon of which is dry at low water.~C7/rir/ina# 
Island^ lying to tlie east, is a high island, without, as I have been in- 
formed by a person who passed it, any reefs at all.— Ceylon : a space 
about eighty miles in length of the S.-western and southern shores 
of those islands has been described by Mr. Twynam, (Naut. Mag. 
1836, pp. 365 and 518); parts of this space appear to be very 
regularly fringed by coral-reefs, which extend from a quarter to half 
a mile from the shore. These reefs are in places breached, and 
afford safe anchorage for the small trading craft. Outside, the sea 
gradually deepens ; there is 40 fathoms about six miles off shore : this 
part 1 have coloured red. In the published charts, of Ceylon there 
appear to be fringing reefs in several parts of the S.-eastem shores, 
which I have also coloured red. — At Venloos Bay the shore is like- 
wise fringed. North of Trincomalee there are also reefs of the same 
kind. The sea off the northern part of Ceylon is exceedingly 
shallow ; and therefore I have not coloured the reefs which fringe 
portions of its shores, and the adjoining islets, as well as the Indian 
promontory of Madura. • 

CuAGOs, Maldiva and Laccadive Archipelagoes. These 

throe great groups which have already l)cen often noticed^ are now 
well known from the admirable surveys of Oapt. Wk)rcsby and Lieut. 
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PoweB. The published charts^ which are worthy of the most atten- 
tive examination, at once show that the Chagot and MaUim groups 
are entirely formed of great aUdk, or lagoon-formed reefs, sur- 
mounted by islets. In the Lacradiw group, this structure is lees evi- 
dent ; the islets are low, not excoeding the usual height of coral forma- 
tions, (see Lieut. Woods account. Geograph. Joum. vol. vi. p. 29) 
and most of the reefs arc circular, as may be seen in the puldislicd 
charts; and within several of them, as I am infonned l>y Capt. 
Moresby, there is deepisli water ; these therefore, have been coloured 
blue. Directly north, and almost forming part of this group, there 
is a long, narrow, s]ightly-curvt>d bank, rising out of the deptlis of 
the ocean, composed of aind, shells, and di'cayed ci)ral, with from 
23 to 30 fathoms on it. I have no doubt that it has had the same 
origin with the other I^ccidive banks ; but as it does not deepen 
towards the centre, I have not colourwl it. I might have referred 
to other authorities regarding these three Archipelagoes ; hut after 
the publication of tluj charts by Capt. Moresby, to whose personal 
kindness in giving mo much inf^onnation 1 am exceedingly indebted, 
it would have l)ecn superfluous. 

Sahia de Malha bank consists of a scries of narrow banks, 
wdth from 8 to 1 C fathoms on them ; they arc arranginl in a semi- 
circular manner, round a sj>ace about forty fathoms deep, which 
slopes on the S.E. quarter to unfathomable de])ths ; they are stet*p 
to on both sides, but more esj)ecially on the ocean-side. Hence this 
bank closely resembles in structure, and I may add from Capt. 
Moresby's information in composition, the Pitt's Hank in the Cha- 
gos group ; and the Pitt's Bank, must, after what has Ikm.!) showm 
of the (treat Chagos Bank, be considertnl as a sunken, half-destroyed 
atoll ; hence coloured blue. — (\xrgadtj$ Carnjos Bank, Its southern 
portion consists of a large, curved, coral-shoal, with some low islets 
on its eastern edge, and likewiHO some on the w^'eslern side, between 
which there is a depth of about twrelve fathoms. North w’ard, a great 
bank extends. I cannot (probably owing to the want of perfect 
charts,) refer this reef and bank to any class ; •— tl»oreforo not 
coloured . — JU de Sable is a little bland, lying west of C. Carajos, 
only some toises in height (Voyage of the Favourite, vol. i. p. 130;) 
it is surrounded by reefs ; but its structui^c is unintelligible to me. 
Tlw're arc some small banks north of it, of which I can find no clear 
account. Mauritius, The reefs round this island have been descri- 
bed in the chapter on fringing-reefs ; coloured red. — Rodriguez, 
The corai-rcofs here arc exceedingly extensive ; in one part they 
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project even five miles from the shore. As far as I can make out, 
there is no deep-water moat within them ; and the sea outside 
does not deepen very suddenly. The outline, however, of the 
land appears to be (Life of Sir J. Makintosh, vol. ii. p. 1G5.) 
hilly and rugged. I am unable to decide whether these reefs belong 
to the barrier-class* as.seeras probable from their great extension, or 
to the; fringing-class ; uncoloured. — Bourbon. The greater part 
of the shores of this island, are without reefs ; but Capt. Carmichael 
(Hooker 8 Bot. Misc.) states that a portion, fifteen miles in length, 
on the S. E. side, is imperfectly fringed with coral-reefs : I have 
not tliought this sufficient to colour the island. 

Seychelles. — The rocky islands of primary formation, composing 
this group, rise from a very extensive and tolerably level bank, having 
a depth between 20 and 40 fathoms. In Capt. Owen s chart, and 
in that in the atlas of the Voyage of the Favourite, it appears that 
the east side of Make and the adjoining islets of St. Anne and Cerf.^ 
are regularly fringed by coral reefs. A portion of the S. E. part of 
Curieme leld.^ tlie N,, and part of the S.W. shore of Praelin Isld.j 
and the whole >ve8t*side of Digue Isld.^ ^^ppear fringed. From a MS. 
account of these islands by Capt. F. Moresby, in the Admiralty, it 
appears that Silhouette is also fringed ; he states that all these islands 
are formed of granite and quartz, that they rise abruptly from the sea, 
and thaf “ coral-reefs have grown round them, and project for some 
distance.” Dr. Allan of Forres, who visited these islands, informs 
me that there is no deep water betw^een the reefs and the shore. The 
above specified points have been coloured red. Amirantes Islands: 
The small islands of this neighbouring group, according to the MS. 
account of them by Capt. F. Moresby, are situated on an extensive 
bank ; they consist of the debris of corals and shells ; are only about 
20 feet in height, and are environed by reefs, some attached to the 
shore, and some rather distant from it. — I have taken great puns to 
procure plans and information regarding the several islands lying be- 
tween S.E. and S.W, of the Amirantes, and the Seychelles; relying 
chiefly on Capt. F. Moresby, and Dr. Allan, it appears that the 
greater number, namely — Platte^ Alphonse^ Coetiviy GalegUy Proei^ 
dencOy St. Pierre^ Astom^ Assomptiony and Gloriosoy are low, formed 
of sand or coral-rock, and irregularly shaped ; they are situated on 
very extensive banks, and are connected with great Coral-r^fs. 
Galega is said by Dr. Allan, to be rather higher than the other 
islands; and St. Pierre is described by Capt. F. Moresby, as being 
cavernous throughout, and as not consisting of either Ihnestone or 
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giMito. The^ iakndsi «« well as the Amirantes, certain] y are not atoll- 
fomrad, and they differ as a group from every other group with which I 
am acquainted ; I have not coloured them ; but probably the reefa be- 
long to tlie fringing claas. Their formation is attributed both by Dr. 
AUan and Capt. P. Moresby^ to the action of the currents, here ex- 
ceedingly violent, on banks, which no doubt have bad an independent 
geological origin. They resemble in many respects some islands and 
banks in the West Indies, which owe their origin to a similar agency, in 
conjunction with an elevation of the entire area. In close vicinity to 
these several islands, tliero are three otliers of an apparently difibrent 
nature : first, Jumi de Nota^ which appears from some plana and ac- 
counts to bo an atoll ; but from others does not apfMNur to be so ; not 
coloured. Secondly, Co^midedo ; this group consists of a ring of coral, 
ten leagues in circumference, and quarter of a mile broad in some places, 
inclosing a magnificent lagoon, into which there did not appear a 
single opening*’ (llorsburgh, vol. i. p. 151); coloured blue. Thirdly, 
Aldabra ; it consists of three islets, about 25 feet in height, with 
red cliffs (llorsburgh, vol. i. p. 17G), surrounding a very shallow 
basin or lagoon. The sea is profoundly deep ^close to the shore. 
Viewing this island in a chart, it w ould thought an atoll ; 

but the foregoing description show's tliat there is something different 
in its nature ; Dr, Allan also states that it is cavernous, and that the 
coral -rock has a vitrified apjHjaraiicc. Is it an upheaved atoll, or the 
crater of a volcano ? — uncoloured. 

Comoro Guoui*. — according to llorsburgh (vol. i. p. 
216, 4th edit.), is completely surroundcH.i by a reef, which runs at 
the distance of three, four, and in some places even five miles from 
the land ; in an old chart, published by Dalrymple, a depth in many 
places of 36 and 38 fathoms is.laid down w'ithin tlio reef. In the 
same chart, the space of open water within the reef in some parts is 
even more than three miles wide : the land is bold and peaked ; 
this island, therefore, is encircled by a well -characterized barrier reef, 
and is coloure<l pale blue. — Johanna ; Horsburgh says (vol, i. p. 
217), this island from the N. W. to the S,W. point, is bounded by a 
r(Kjf, at tlie distance of two miles from the shore ; in some parts, 
iiowever, the reef must be attached, since Lieut. Botcler (Narr. vol. i. 
p. 161), describes a passage through it, within which there is room 
only for a few boats. Its height, as I am informed by Dr. Allan, is 
about 3,500 feet ; it is very precipitous, and is composed of granito, 
gr^nstone, and quartz; coloured blue.-Afo/iitfa ; on the 8. side of 
this island* there is anchorage, in from 30 to 45 fathoms, between a 
• 5 
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reef and the shore (Horsburgh^ vol. i. p. 214); in Capt. Owens 
chart of Madagascar, this island is represented as encircled ; 
coloured blue . — Great Comoro Isld. is, as I am informed by Dr. 
Allan, about 8,000 feet high, and apparently volcanic ; it is not 
regularly encircled ; but reefs of various shapes and dimensions, jut 
out from every iieodland on the W., S., and S.E. coasts, inside of 
which reefs there are channels, often parallel with the shore, with deep 
water. On the N.-westem coasts the reefs appear attached to the 
shores. The land near the coast is in some places bold, but gene* 
rally speaking it is Oat ; Horsburgfa says, (vol. i. p. 214,) the water 
is profoundly deep close to the shore^ from which expression I presume 
some parts are witliont reefs. From this description, I apprehend 
the reef belongs to the barrier class ; but 1 have not coloured it, as 
most of the charts which I have seen, represent the reefs round it as 
very much less extensive than round the other islands in the group, 
Madagascar. — My information is chiefly derived from the pub- 
lished charts by Capt. Owen, and the accounts given by him and by 
Lieut. Boteler. Commencing at the S.W. extremity of the island ; 
towards the northern part of the Star Bank (in lat. 25® S.) the 
coast for ten miles is fringed by a reef ; coloured red. The shore 
immediately S, of St. Augustin's Bay appears fringed ; but Tullear 
Harbour, directly N. of it, is formed by a narrow reef ten miles 
long, extending parallel to the shore, with from four to ten fathoms 
witiiin it. If this reef had been more extensive, it must have been 
classed as a barrier-reef ; but as tlie lino of coast falls inwards here, 
a submarine bank perhaps extends parallel to the shore, which has 
offered a foundation for the grow'th of the coral ; I have left this part 
uncoloured. From lat* 22® IG' to 21® 37', the shore is fringed by 
coral reefs (see Lieut. Boteler's Narrative, vol. ii. p, 106), less than 
a mile in width, and with shallow water w^ithin. There are outlying 
coral shoals in several parts of the offing, with about ten fathoms 
between them and the shore, and the depth of the sea one mile and 
a-half seaward, is about 30 fathoms. The part above specifled is 
engraved on a large scale ; and as in the charts on rather a smaller 
scale the same fringe of reef extends as far as lat. 33® 15'; I have 
coloured the whole of this part of the coast red. The islands of 
Juan de Nova (in lat, 17® S.) appear in the charts on a large scale 
to be fringed, but I have not been able to ascertain whether th% reefe 
are of coral ; uncolonredk The main-part of the west coast appears 
to be low, with outlying sand-banks, which Lieut. BotelCr (vol. ii. 
p. 106) says, “are faced on the edge of deep water "by a line of 
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diMp*p<niited conl-roclcs." Nevertheless I have not coloured this 
pMt, as I cannot make out by the charte that the coast itself is 
firtngede Tlie headlands of Narrmda and p€i9»andaw (14® 40^) 
and the islands in front of Jiadama harbour are represented in the 
plans as regularly fringed, and have accordingly been coloured rod, 
Witli respect to the Emt coa$i of Madoffoicar^ Dr. Allan informs 
me in a letter, that the whole line of coast, from Tamatane in 1 2* 
to C. Amber at the extreme northern point of the island, is bordered 
by coral-reefs. The land is low, uneven, and gradually rising from 
the coast- From Capt. Owon^s charts, ako, the existence of these 
reefs, which evidently belong to the fringing class, on some parts, 
namely, N. of BritUh Sound and near Ngonc^^ of the above line 
of coast might have been inferred. Lieut. Boteler (vol. i. p, 155) 
s{>eaks of the rwf surrounding the island of Sl Marf $ at a small 
distance from the shore.” In a previous chapter I have described, 
from the information of Dr. Allan, the manner in which the reefs 
extend in N.E. lines from the headlands on this coast, tluis sometimes 
forming rather det^p channels within them : this seems caused by the 
action of the currents, and the reefs spring up from the submarine 
prolongations of the sandy headlands. The above specified portion 
of the coast is coloured red. The remaining S.E. portions do not 
ap}>ear in any published chart to possess reefs of any kind ; and the 
Rev. W. Ellis, whose means of information regarding this side of 
Madagascar have been extensive, informs me he believes there are 
none. 

East Coast of Africa. — Proceeding from the northern part, 
the coast appear.**, for a considerable 8})ace, without reefs. My infor- 
mation, I may here observe, is derived from the survey by Capt. 
Owen, together with his Narrative ; and that by Lieut. Boteler. 
At Mukde*>dia (2^ 1' N.) there is a coral-reef extending four or five 
miles along the shore, (Owens Nar. vol. i. p. 357) which in the 
chart lies at the distance of a ejuarter of a mile from the shore, and 
has within it from six to ten feet water ; this then is a fringitig-reef, 
and is coloured red. From Juba a little S. of the equator, t 4 > Lamoo 
(in 2® 20' S.) “ the coast and islands are formed of madrepore” 
(Owen’s Narrative, vol. i. p. 363). The chart of this part (entitled 
Dundat Id<ls,) presents an extraordinary appearance ; the coast of 
the mainland i.s quite straight, and it is fronted at the average dis • 
tance of two milc^ by oxcccHiingly narrow, straight islets, fringed 
with reefs. Within the chain of islets, there arc extensive tidal flats 
and muddy bays, into which many rivers enter : the depth of these 
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spaces varies from one to four fathoms — the latter depth not being com- 
mon, and about twelve feet the average. Outside the chain of islets, 
the sea, at the distance of a mile, varies in depth from eight to fifteen 
fathoms. Lieut. Botcler (Nar. vol. i. p. 869) describes the muddy 
bay of Patta^ which seems to resemble other parts of this coast, as 
fronted by small, narrow, level islets formed of decomposing coral, 
the margin of which is seldom of greater height than twelve feet, 
overhanging the rocky surface from which the islets rise. Knowing 
that the islets are formed of coral, it is I think scarcely possible to 
view the coast, and not at once conclude that we here see a 
fringing-reef, which has been upraised a few feet : the unusual depth 
of from two to four fathoms within some of these islets, is probably 
due to muddy rivers having prevented the growth of coral near the 
shore. There is, however, one difficulty on this view, namely, that 
before the elevation took place, which converted the reef into a chain 
of islets, the water must apparently have been still deeper ; on the 
other hand it may be supposed that the formation of a nearly perfect 
barrier in flpit of so large an extent of coast, would cause the cur- 
rents (especially in Tront of the rivers,) to deepen their muddy beds. 
Wlien describing, in the chapter on fringing reefs, those of Mauritius, 
I have given my reasons for believing that the shoal spaces within 
reefs of this kind, must, in many instances, have been deepened. 
However this may be, as several parts of this line of coast are 
undoubtedly fringed by living reefs, I have coloured it red. — 
MaUmda (3° 20' S.) In the plan of the harbour, the south headland 
appears fringed ; and in Owen s chart on a larger scale, the reefs 
are seen to extend nearly thirty miles southward; coloured red. 
Mombdi (4° 5' 8.) The island which forms the harbour, is sur- 
rounded by cliffs of madrepore, capable of being rendered almost 
impregnable,** (Owen’s Nar. vol. i. p. 412). The shore of the main 
land, N. and 8. of the harbour, is most regularly fringed by a coral- 
reef at a distance from half a mile to one mile and a quarter from 
the land ; within the reef the depth is from nine to fifteen feet ; 
outside the reef the depth at rather less than half a mile is thirty 
fathoms. From the charts it appears that a space about thirty-six 
miles in length, is here fringed ; coloured red.— PmJa (5® 8.) is an 
isld. of coral formation, Ifevel, and about 200 feet in height (Owen^s 
Nar. vol. i. p. 425) ; it is 35 miles long, and is separated from«the 
mainland by a deep sea. The outer coast is represented in the 
charts as regularly fringed ; coloured red. The main land in front 
of Pemba is likewise fringed ; but there also appear be 


some 
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outlying well with deep water botwoeu them and the »liorc« I do 
not ondersUtid their structure^ either from the charta or the de«mp«* 
tion, tbmfore have not coloured them*— Zdiuiiar reeemWee Pemba 
in most respects ; its southern half on the western side and tlia 
neighbouring irieta are fringed ; colouaxl red. On the main land| a 
little S, of Zanzibar, there are some banks parallel to the coast, 
which I should have thought had been formed of coral, bad it not been 
said (Boteler 8 Nar. vol. ii. p. 30) that they were composed of sand ; 
not coloured. — Laiham$ Bunk is a small islam), fringod by coral- 
reefs ; but l>eing only ten feet high, it has not been coloured. — 
Mon fetii is an island of the same character as Pemba : its outer shore 
is fringed, and its southern extremity is connected with Keelwa 
Point on tlie main land by a chain of islands fringcjd by reefs ; 
coloured red. The four last-mentioneil islands resemble in many 
respects some of the islands in the Red Sea, which will presently be 
described. — Ktelica, In a plan of the shore, a space of 20 miles N. 
and S. of tliis place is fringed by reefs, apparently of coral : tlieso 
reefs are prolonged still further southward in OwcnsgBicral chart. 
The coast in the plans of the rivers Lindt/ and }fontjhow (9® 50' and 
10® 7' S.) has the same structure; coloured re<l. — Queriniba 
Islands (from 10® 40' to 13® JS.) A chart on a largo scale is given 
of these islaml^ : they are low, and of coral formation (JBoteler’s 
Nar. vol. li. p. 54) ; and generally have extensive reefs projecting 
from them, which are dry at low water, and which on the outside 
rise abruptly from a deep sc^ : on their insides they are separateil 
from the continent by a channel, or rather a succession of bays, with 
an average depth of ten fathoms. The small headlands on the con- 
tinent also have coral-banks attaclied to them ; and the Querimba 
islands and banks are placed on the lint?s of prolongation of these 
headlands, and are separated from them by very shallow channels. 
It is evident that whatever cause, whether the drifting of sediment 
or subterranean movements, produceil the headlands, likewise pro- 
duce<l, as might have been expected, submarine prolongations to 
them ; and these towards their outer extremities, have since afforded 
a favourable basis for the growth of coral-reefs, and subsequently for 
the formation of islets. As these reefs clearly belong to the fringing- 

class, the Quertmba islands have been coloured ted,-^M&nabila 
(13fi* 32' 8.) In the plan of this harbour, tins headlands outside are 
fringed by reefs apparently of coral ; coloured ttd,*^Mozambi^ 
(15® S.) The outer part of the island on which the city is built, 'awl 
the neighbouring islands, are fringed by oorabreefii; coloured red. 
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From the description given in Owen's Nar. (vol. i. p. 162) the 
shore from Mozambique to Delagoa Bay appears to be low and 
sandy : many of the shoals and islets off this line of coast are of 
coral formation ; but from their small size and lowness, it is not 
possible, from the charts, to know whether they are truly firinged. 
Hence this portion of coast is left uncoloured, as are likewise those 
parts more northward, of which no mention has been made in the 
foregoing pages, from the want of information. 

Persian Gulp. — From the charts lately published on a large 
scale by the East Indian Company, it appears that several parts, 
especially the southern shores of this gulf, are fringed by coral-reefs; 
but as the water is very shallow, and as there are numerous sand- 
banks, which are difficult to distinguish on the chart from reefs, I 
have not coloured the upper part red. Towards the mouth, how- 
ever, where the water is rather deeper, the Islands of Ormuz and 
Larrack^ appear so regularly fringed, that I have coloured them red. 
There are certainly no atolls in the Persian Gulf. The shores of 
of ^the promontory forming the southern headland of 
the Persian Gulf, seem to be without reefs. The whole S.W. part 
(except one or two small patches) of Arabia Felix^ and the shores 
of Socotra appear from the charts and memoir of Capt. Haines 
(Geogrjph. Joum., 1839, p. 125,) to be without any reefs. I be- 
lieve there are no extensive coral-reefs on any part of the coasts of 
India, except on the low promontory of Madura (as already men- 
tioned) in front of Ceylon. 

Red Sea. — My information is chiefly derived from the admirable 
charts published by the East Indian Company in 1836, from per- 
sonal communication with Capt. Moresby, one of the surveyors, and 
from the excellent memoir, “ liber die Natur der Corallen-Banken 
des Rothen Meeres,” by Ehrenberg. The plains immediately bor- 
dering the Red Sea seem chiefly to consist of a sedimentary forma- 
tion of the newer tertiary period. The shore is, with the exception 
of a few parts, fringed by coral-reefs. Tlie water is generally pro- 
foundly deep close to the shore ; but this fact, which has attracted the 
attention of most voyagers, seems to have no necessary connection 
with the presence of reefe ; for Capt. Moresby particularly observed 
to me, that, in lat, 24^10' on the eastern side, there is a piece of 
coast, with very deep water close to it, without any reefe, bu4 not 
differing in other respects from the usual nature of the coast-line. 
The most remarkable feature in the Red Sea is the diain of sub- 
merged banks, reefe, and islands, lying some way from the shore, 
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chiefly on the eastern sklo ; the H|nioe within Ikiu^ Jeep enough to 
admit a safe navigation in small vessels. The hanks an* generally 
of an oval form, and some miles in width ; hut homo of them are 
Tcry long in proportion to their width, (’apt. Moresby informs ino 
that any one, who had not m;ulo actual plans of them, wouhl Ik* apt 
to think that they were mneh im»re elongated than they really are. 
Many of them rise to the surface, hut the grealt r rminher Hr (Vtun 
!} to 30 fathoms In'iieath it, with irregular soundings on them. 
They consist of sand and lisiug coral ; coral on nn»st of tln*m, accord- 
ing to Mt>reshv, en\t‘rlng tin' greater part of their .surface. 

They extend parallel to the '•hore, and tiu y are not unfre<|iiently 
connected in their middle part'^ hy slout tr; 4 Us\(r-e hanks with the 
main land. The sea is geinrally |iroloundl\ «lMp (luite cIom' to 
them, as it is lu'ar ino-^t part^^ of the eoa-t .d' the main land ; hut 
this is not iiniver'^all y tiie ea^i', l'>r h« iwirn lat. la and IT^ the 
water deepens quite gradually fioin the lianks, l)otl, on the eastern 
and wisteni shorts, toward-- tin' niithilo <d* the ^a. 1-lainh in many 
parts arise from tho^t' iianks ; they are low. ihu-tnpped. •nnd coii'-ist 
of the same horizontally stratihetl ruination with that f'>rining tin* 
plain-like margin «>f the ina.in land, Senu* of tin- -nrvller ainl lower 
islands consist <)f mere ^aint. ( apt. M<trrshy inh-nns mr, that 
small inas-o- of rock, tin* reninants (.f i.-hunU, are left *ui inanv 
banks when* there is now no diy land. IdirenlM rg al-o that 

most of the i-iet*-, e\en tin* ]ow<.s(, hast* a Hat ahra<h »l ha-is, com- 
pnsfd of tlie same tertiary formation : In- belie vt s that as soon an 
the -urf wears thiwn the protuhtuant j'arts of a hunk, just beneath 
the h'\el of tlio sea, the surface l>e(:omeH proteeted from furtln‘r 
ahrasiMU hy the growth id coral, and In* thus accounts h^r the exists 
enee of so many hanks standing on a levid with the suifaee of this 

a. It aj^M-ars tiiat most of the islands are certainly docrc'asing in 
si7a\ 

Tlie form of the hanks and i-lamls is most singular in the part just 
reh rrisi to, nann ly, from lat. 1 to 17*^, win re tlie sea deepens ipiite 
grailually : the /M/zA/e grouje <m tin* we-tern coast, is surrounded hy an 
inlrleate archijielago <)t islet> and T^lioals ; the main island is very irre- 
gularly sliajxd, and it includes a hay st-ven mih‘s long, hy four across, 
iu which Mo bottom was found witli l!52feet: there isonly one entrancr^ 
into, tills hay, halt a mile wide, and with an island in front of it. The 
siihmcrg(’d hanks on the ('astern coast, within tlie same latitiidt s, round 
b tinman Isld., ar* , likewise, penetrated hy many narrow envks of d(*op 
w'ater ; one is twehe miles h»ng, in the form of a hatchet, in which, 



RED SEA. 193 

close to its broatl upper end, soundings were lot struck with 
3 CO feet, and its entrance is only half a mile wide: in another creek 
of the same nature, but even with a more irregular outline, there was 
ixo bottom with 480 feet. The island of Farsan, itself, has as 
singular a form as any of its surrounding banks. The bottom of the 
sea round tlio Dhalaoand Farsan Islands consists chiefly of sand and 
agglutin;}*ted fragments, but, in the deep and narrow creeks, it con- 
sists of mud ; the islands themselves consist of tbit), horizontally 
stratificMl, modern tertiary beds, containing but little broken coral 
their shores are fringed by living coral-reefs. 

From the account given by RUppell t of the manner in which 
Dhalac has been rent by fissures, the opposite sides of which have 
been unequally elevated, (in one instance to the amount of 50 feet,) 
it seems probable that its irregular form, as well as probably that of 
Farsan, may have been partly caused by unequal elevations; but, 
considering the general form of the banks, and of the deep-water 
creeks, together with the composition of the land, I think their con- 
figuration is more probably due in great part to strong currents 
having drifted sediment over an uneven bottom : it is almost certain 
that their form cannot bo attributed to the growth of coral, What- 
ever may have been the precise origin of the Dhalac and Farsan 
archipelagojes, the greater number of the banks on the eastern side 
of the Red Sea seem to have originated through nearly similar 
means. I judge of this from their similarity in configuration, (in 
proof of which I may instance a bank on tho east coast in lat. 22® ; 
although it is true that the northeni banks generally have a less com- 
plicated outline,) and from tlieir similarity in composition, as may 
be observed in their upraised portions. The depth within the banks 
northward of lat, 17°, is usually greater, and their outer sides 
shelve more abruptly (circumstances which seem to go together) than 
in tho Dhalac and Farsan archipelagoes ; but this might easily have 
been caused by a difterence in the action of the currents during their 
formation: moreover, tho greater quantity of living coral, which, 
according to Capt. Moresby, exists on the northern banks, would 
tend to give them steeper margins. 

From this account, brief and imperfect as it is, we can see that the 
great chain of banks on the "eastern coast, and on the western side in 
tho southern portion, differ, greatly from true barrier-reefs whollj^ 
formed by tho growth of coral. It is indeed the direct conclusion of 

• Ruppell Relse in Abyssinie, Band. i. S. 247. f Ibjd. S. 245, 
o 
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Ehreubi^rg, I'P* * * connocU^d 

in their origin quite secondarily with the growth of coml ; itnd he 
muarks that the islands oft’ the coast of Norway, if worn down levd 
wiOi tho sea, and merely coated with living coral, would present a 
nearly similar appearance. I I'aunot, hi>w(?vor, avoid ius(>ectiiig, 
from infonnation given mo by Dr. Malcolmson and < 'apt Moresby, 
that EhrenlH*rg lias rather under- rated tho inft nonce of ^rals, in 
some places at least, on tlie fonnation of the tertiary deposits of the 
Rtnl ix>a. 

/7/c IFcW (\Hi-st of Me Rt\/ Si'u ht'ttct'en hit, 10*^ kuuI 22^. — Ihcro 
arc, in this space, reefs, wliich, if I ha<l known nothing of those in 
oihcr parts of the Ueil Sm, I shonM unhesitatingly have cttnsidcrcd 
as barrier-reefs ; ami, after delilu ratiuii, 1 have come to the Kunc 
cnneliision. One of th<‘-e nvfs, in 20^ \j\ is twenty miK*s lung, h'ss 
than a mile in width, (hut (‘X[>andiiig at the northern end into a dihk,) 
slightly sinuous, ami extemling [‘arallel to the main-laml at the «lis- 
tance <if live miles from it, with very dee[> water witiun ; in one $jK»t 
soundings were not obtairie<l with 203 fathom^. Stune h^gues 
further south, tliore is another linear ra f, \erv narrow, ten miles 
long, with other small portions of rt'cf, m»rth and south, almost con- 
iiectM with it; and within this lim* of reef?> (as well as outside) the 
water is [irofoundly d(‘ep. I'here are also some small linear and 
siekle-forined reefs, lying a little way (»ut at sra. All these reefs arc 
cov( ro<l, as I am informe<l hy (’apt. .Moresby, !>y living corals. 
Here, then, we have all the characters of rci fs of the barrier cla.ss; 
and ill some outlying uxfA we have an approac'h to tho j^tructuro of 
at(dls. The source of iny doubts about the classification of these' 
reefs, arises from having fdiserved in the Dhalac and Karsaii groups 
the narrowness and straiirhtmss of s<?veral spits of fiand and rock: 
one of these s]>its in the Dhalac group h nearly fift<!«n miles long, 
only two hr(»ad, and it is bordered on each side with deep water ; so 
that, if worn down liy the surf, and coated with living corals, it 
would form a reef nearly Himilar to those within tlio apace under 
consideration. Tliere i^, also, in this space (lat. 21®) a peninsula, 
bordered by clilTs, witli its extremity worn down to tho level of the 
sea, and its basis fringed with reefs : in tho line of prolongation of 
tills poninsnla, there lies the island of MAcotra, (forinetl, according to 
Moresby, of the usual tertiary deposit,) and some smaller 
islands, large parts of wliicli likewise appear to have been worn 
down, fpid are now coated with living corals. If the removal of the 
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strata iu those several cases had been more complete, the reefs thug 
formed would have nearly resembled those barrier-like ones now 
under discussion. Notwithstanding these facts, 1 cannot persuade 
myself that the many very small, isolated, and sickle-formed reefs 
and others, long, nearly straight, and very narrow, with the water 
iinfathomably deep close round them, could possibly have been 
fonnei liy corals merely coating banks of sediment, or the abra<led 
surfaces of irregularly shaped islands. I feel compelled to believe 
that the foundations of these reefs have subsided, and that the corals, 
during their upward growth, have given to these reefs their present 
forms ; I may remark that the subsidence of narrow and irregularly- 
shaped peninsulas and islands, such as those existing on the coasts of 
tlio Red Sea, would afford the requisite foundations for the reefs in 
question. 

The west coast from lat. 22"' to 24®: — this part of the coast 
(north of the space coloured blue on the map) is fronted by an 
irregularly shelving bank, from about 10 to 30 fathoms deep; 
numerous little rcefs^ some of which have the most singular shapes, 
rise from this bank. It may be observed, respecting one of them, 
in lat. 23® 10', that if the promontory in lat, 24^ were w’om do>vn 
to the level of the sea, and coated with corals, a very similar and 
grotesquely formed reef would bo produced. Many of the reefs on 
this part of the coast may thus have originated ; but there are some 
sickle, and almost atoll-formed reefs lying in deep water off' the 
promontory in lat. 24®, which lead me to suppose tliat all these 
reefs are more probably allied to the barrier or atoll classes. I have 
not, however, ventured to colour this portion of coast . — On the west 
coast from lat, 19® to l7^ (south of the space coloured blue on the 
map,) there are many low islets of very small dimensions, not much 
elongated, and rising out of great depths at a distance from the coast : 
these cannot be classed either with atolls, or barrier, or fringing-reefs. 
I may here remark that the ou^ng reefs on the west coast, between 
latitudes 19® dhd 24®, are thJroly ones in the Red Sea, which ap- 
proach in structure to the true atolls of the Indian and Pacific 
Oceans ; but they present only imperfect miniature likenesses of 
them. 

Eastern coast : — I have felt the greatest doubt about colouring 
any portion of this coast, north of the fringing-reefs round the Farsan 
islands in 16® 10'. There aro many small outljdng coral-reefs along 
the whole line of coast ; but as the greater number rise from banks 

o 2 
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not ?ery deeply itubnicrgcd^ (the formation of which Ims been ehown 
to be only secondarily connected with the growth of coral,) their 
origin may be due simply to the growth of knolls of corals, from an 
irregular foundation situatcil within a limited depth. Btit Ixjtwecn 
lat. 18® and 20®, there are so many linear, elliptic and extremely 
small reefs, rising abruptly out of pn>foinul depths, that the same 
reasons, which led me t(^ colour blue a portion of the w'sst^oast, 
have induced me to do the same in this part. There exist some 
small outlying reefs rising from dt'cp water, north pf lat. 20®, (the 
northern limit coIourhI bine,) on the east coast ; but as they are not 
very numerous, and scaretdy any of them are linear, I have thought 
it right to leave tlieTu umM)Iourcd. 

In the 9 oHihern of the Red S<*a, con^dcrable s]>act'S of the 

main land, and of snme of the Dhalae islands, are skirted by rec*fs, 
whicli, as I am infornio<l by Ca[>t. Mi^re^by, are of living coral, and 
have all the cliaracters of the fringing chi>s. As in these lati- 
tudes, there are no outlying line^ir or sicklt-formcd retfs, rising out 
of unfathoinablo depths, 1 have cohered tlu^e j>arts of the coast 
red. On similar grounds, 1 have eoloured red the hortlu rn inirisoj 
the tMtern c\untt^ (north of lat. 2 t® oO',) and likewiK^ the Khores of 
the chief part of tin* HhI/ of Sm z. In the Ciulf •f Acoha^ as I am 
infonned by (’apt. Moresby, there are no corai-rotTs, umj the water 
i> profoundly deep. 

VVf> 5 T Imhks. — M y information regarding the reeds of this area, is 
derived from various sources, and from an examination of numerous 
ciiarts ; crsjK'cially f;f those’ lately executed during tin* survey under 
(apt. Owen, R.N. I lie under particular obligation to (.’apt. Bird 
Allen, R.X., one of the inemlK^rs of tlie lat<^ survey, for many per- 
sonal ci)minunications on this subject. As in the case of the RckI 
Sea, it is neccss;4ry U> make some prcTuninary remarks on the »ub- 
nn’rged banks of the West Indict, which are in some degree e^noected 
with coral-reefs, and cause considerable doubts in their clodrification. 
That large accumulations of sediii6fct arc in ]>rogrlb8 on the West 
lu'lian shores, will l>e evident to any one who examinc^j the charta 
of that sea, eHpe<;ially of the portion north of a line joining Yucutan 
and Morida. I'lie area of deposition fieems Im intimately connected 
with the deboiicbeinent of the great rivers^ than with the course of the 
sea-curreuts ; as is evident from the vast extension of the banks from 
the promontories of Yucutan and Mosqtiito. 

Besides the coant-banks, there are many of various dimensions 
which stand quite iH»)!atcd ; these closely resemble each other ; they 
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lie from 2 or 3 to 20 or 30 fathoms under water, and are composed 
of sand, sometimes firmly agglutinated, with little or no coral ; tlieir 
surfaces are smooth and nearly level, shelving only to the amount of 
a few fathoms, very gradually all round towards their edges, where 
they plunge abruptly intd the unfathomable sea. This steep in- 
clination of their sides, which is likewise characteristic of the coast- 
banks, very remarkable : I may give as an instance, the Misteriosa 
Bank, on the edges of which the soundings change in 250 fathoms 
horizontal distance, from 11 to 210 fathoms ; off the northern point 
of the bank of Old Providence, in 200 fathoms horizontal distance, 
the change is from 19 to 152 fathoms; off the Great Bahama Bank, 
in ICO fatlioms horizontal distance, the inclination is in many places 
from 1 0 fathoms to no bottom with 1 90 fathoms. On coasts in all 
parts of the world, where sediment is accumulating, something of 
this kind may be observed; the banks shelve very gently far out to 
sea, and then terminate abruptly. The form and composition of the 
banks standing in the middle parts of W. Indian sea, clearly show 
that their origin must be chiefly attributed to the accumulation of 
sediment; and the only obvious explanation of their isolated position 
is the presence of a nucleus^ round which the currents have collected 
fine drift matter. Any one who will compare the character of the 
bank surrounding the hilly island of Old Providence, with those 
banks in its neighbourhood which stand isolated, will scarcely doubt 
that they surround submerged mountains. We are Jed to the same 
conclusion by examining the bank called Thunder Knoll, which is 
sep>arated from the great Mosquito bank by a channel only seven 
miles wide, and ] 45 fathoms deep. There cannot be any doubt that 
the Mosquito bank has been formed by the accumulation of sediment 
round the promontory of the same name; and Thunder Knoll 
resembles the Mosquito bank, in the state of its surface submerged 
20 fathoms, in the inclination of its sides, in composition, and in 
every other respect. I may observe, although the remark is here 
irrelevant, that geologists shotfld be cautious in concluding that all 
the outlyers of any formation have once bcH?n connected together, for 
we hero see that deposits, doubtless of exactly the same nature, may 
bo deposited w’ith large valley-liko spaces between them. 

Linear strips of coral-reefs and small knolls project from many of 
the isolated, as w ell as coast-bauks ; sometimes they occur quite irregti- 
larly placed, as on the Mosquito bank, but more generally they form 
crescents on the windward side, situated some little distant wdthin 
the outer edge of the banks : — thus on the Serrapilla bank they 
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fofm an intomiptcd chain which ranges bt^ween two and three 
miles within the windwanl margin : generally they occur, m on 
Roncador, Courtown and Auegada banks, nearer the line of dtx'j>- 
water. Their occurrence on the windward sicle is conformable to 
the general rule, of the cflicient kinds of corals flourishing where 
most exjioscd ; but their position some way within the line of dc^p 
water I cannot explain, without it be, tliat a dejitli somt‘\>Juit less 
than that close to the outer margin of the banks, Ls most favourable 
to their growth. Where the corals have fonmnl a continuous 

rim, close to the windward eilgo of a bank some fathoms submerged, 
the reef closely resembles an atoll ; hut if the bank surrounds an 
island (as in the case of Old Provideiicc)^ the reef resembles an 
encircling barrier- ret^f. 1 should undoubtedly have classed Wjiue of 
tbc'so fringed banks as imperfect atolls, or barrier-reefs, if tlic sedimen- 
tary nature of their fniiudations had not Ikxmi evidi-ut from the pre- 
sence of other ntiglibouring hanks, of similar forms ami of similar 
composition, but without the crescent-like marginal retf : in the 
third chapter, I observed that probably some at oil- like rtx'fs did 
exist, which had originated in the manner here supposed. 

Proofs of elevation within recent tertiary periods abound, as 
referrtM.l to in the sixth chapter, over nearly the nn liole area of the 
West Indies. IJcnoe it is easy to understand the origin of the low 
land on the coasts, wlierc sediment is now accumulating ; for instance, 
on tlje northern part of Yucutan, and on the X.K. part of M(»sqnito, 
where the land is low, and where extensive ]>anks aj>j)ear to W in 
progres.sive formation. Hence, also, the origin of iJie great Bahama 
hanks, which are bordered on their Wf'stern and Honthern edges by 
very narrow, long, singmlarly-slmpiMl islands, formed of sand, sfiells 
and coral-ruck, and some of them al»out a hnndrtsl feet in height, k 
easily ex[»lained by the <devation f>f hanks fringed on their windw'anl 
(western and southern) sides by coral-reefs. On this view', however, 
we must Huj)poso either that the chief part of the gurfacevg of the 
great Bahama sand-hanks were all originally deeply submerged, and 
were brought up to their present level by the same elevatory action, 
which fonned the linear islands ; or that during the elevation of the 
hanks, the suj.erficial currents and swell of the waves continued 
wearing riieiri down and kt^eping them at a nearly uniform level : 
tin; hivel is not rpiite uniform ; for, in proc<*eding from the N.W. end 
of the Baliania grr,up towards the 8.B. end, the depth of the banks 
increases, dud tiio ana of land decreases, in a very gradual and 
rduarkahle manner. 11, e latter view, namely, tliat those banks have 
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been woni down by the currents and swell during their elevation, 
scorns to mo the most probable one. It is, also, I believe, applicable 
to many banks, situated in widely distant parts of the West Indian 
sea, which are wholly submerged ; for, on any other view, we must 
suppose, that the elovatory forces have acted with astonishing uni'- 
formity. 

The shore of the Gulf of Mexico, for a space of many hundred 
miles, is fonred by a chain of lagoons, from one to twenty miles in 
breadth, (Columbian Navigator, p. 178, &c.) containing either fresh 
or salt water, and separated from the sea by linear strips of sand. 
Great spaces of the shores of soutliern Brazil,* and of the United 
States from Long Island (as observed by Professor Rogers) to 
Florida, have the same character. Professor Rogers, in his Report 
to the British Association, (vol. iii. p. 13,) speculates on the origin 
of these low, sandy, linear islets : he states that the layers of which 
they arc composed are too homogeneous, and contain too large a pro- 
j)ortion of shells, to permit the common supposition of their formation 
being simply due to matter thrown up, where it now lies, by the 
surf : ho considers tBese islands as upheaved bars or shoals, which 
were deposited in lines where opposed currents met. It is evident 
that these islands and spits of sand parallel to the coast, and separated 
from it by shallow lagoons, have no necessary connection with coral- 
formations. But in southern Bloridii, from the accounts I have 
received from persons who have resided there, the upraised islands 
seem to be formed of strata, containing a good deal of coral, and tliey 
are extensively fringed by living reefs; the channels within these 
islands arc in some places between two and three miles wide, and five 
or six fathoms deep, though generally t they are less in depth and 
width. After having seen how frequently banks of sediment in the 
West Indian Sea are fringed by reefs, wo can readily conceive that 
bars of sediment might be greatly aided in their formation along a 
line of coast, by the growth of corals ; and such bars would, in that 
case, have a deceptive resemblance with true barrier-reefs. 

Having now endeavoured to remove some sources of doubt in 

* In the London and Edinburgh Philosophical JournaJ, 1111, p. 257, I have 
described a singular bar of sandstone lying parallel to the doast off Pernambuco 
in Brazil, whicli probably is an analagous formation. 

t In the ordinary sea-charts, no lagoons appear on the coast of Florida, north 
of ; but Major Whiting (Silliman’s Journal, vol.xxxv. p. 54) says that many 
are formed by sand thrown up along the whole line of coast from St. Augustine’s 
to Jupiter Inlet. 
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olMrifying tlio tech of the Wmi ImVu's, I will glvo my authorities 
for colouring such portions of coast as I have thought myself 
tparranied in doing. Capt. Bird Allen informs me, that most of 
the islands on tlio Bahami Jhtnh are fringed, esj>ecially on their 
windward side's, with living reefs ; and hence 1 have coloured those, 
which are thus represented in Capt. Owen’s late chart, red, Tlie 
same officer informs me, that the islets along the southern^ fuiri of 
Florida are similarly fringed ; coloured ichI. — C'uua : proceeding 
along the northern coast, at the distance of forty miles from the 
extreme S.E, point, the sliores are fringed by reefs, which extend 
westward for a space id 1(»'0 miles, with only a few breaks. Parts 
of these reefs arc reprcsenttsl in the plans of the harbours on tins 
coast by Capt. Owen ; and an excellent descriptii)!! is glviai of them 
by .Mr. Taylor, (Loudnirs Mag. of Xai. Hist. vol. ix. p. ; be 
State'S that they eiielo^t; a space called tin? * from half to three 

quarters of a mile in width, with a siiiidy ])otlo!n, and a little coral. 
In most yarts peo}>lo can wade, at low water, to the r<?id ; but in 
some parts the depth is bet with tw(» and three fathoms. Close out- 
side the reef, tl»e depth is between six and stven fathoms : these 
wcll-eharactoriz<Hl fringing reefs are coloured red. — \Vc«tward of 
long, 77° oO', on the northeni side (d Cuba, a great bank com- 
mences, which extemls along the coast for nearly four degree's of 
longitude. In tlic place of its comincnceniont, in its stndrturo, and 
in tlie “ or low islands on its etige, tliere is a marked corres- 

pondence (as ob^^erved by Humboldt, Pers. Xarr, Vfd. vii, p. H8) 
between it and the (treat Bahama and Sa! banks, which lie tlirectly 
in front. Hence om? is led to attribute the same origin to both these 
sets of banks ; namely, tlie accumulation nf sediment, eonjoined with 
an elevatory m<»vement, and tlie growth of coral on their outer 
edges : those parts which appear fringed by living reefs arc coloured 
red. — We'*tward of thesa* l^anks, there is a yxirtion of coast apparently 
without reefs, except in the harbours, the shores of which siecin in 
the })ublished plans to be fringed. — The Colorado (mic Capt. 

()sv(‘n’s charts,) and the low land at the western end of (hiba, cor- 
re-^]»ond as closely in relative position and structure? to the banka at 
tiu cxtreiuc j>oint of Florida, as the banks above described on the 
north side of (’uba, do to the BahamaM. The depth within the islets 
ai 4 <l reefs on tlie outer fslge of tlie (/o/orrn/o/f, is generally betw’ccn two 
and throe fathoms, increasing to twelve fathoms in the southern 
})art, wher(? the bank bccom(?8 nearly open, witliout islets or coral- 
reefs ; the portions which are fringed are coloured red. — The southern 



WE»T INDIES. 


201 


eliore of Cuba is deeply concave, and the included space is filled up 
witli mud and sand banks, low islands, and coral-reefs. Between 
the mountainous ide of Pines and the southern shore of Cuba, the 
general depth is only between two and tliree fathoms ; and in this 
part, small islands, fonned of fragmentary rocks and broken madre- 
pores, (Humboldt, Pers. Narr. vol. vii. pp. 51, 80 to 90, 291, 309, 
320,) rise abruptly, and just reach the surface of the sea. From 
some expressions used in the Columbian Navigator, (vol. i. pt. ii. 
p. 9‘t,) it appears that considerable spaces along the outer coast of 
southeni Cuba are bounded by cliffs of coral-rock, formed probably 
by the upheaval of coral-reefs and sand banks. The charts represent 
the southern part of the Isle of Pines as fringed by reefs, which the 
Columb. Navig. says extend some way from the coast, but have only 
from nine to twelve feet water on them ; these arc coloured red. — I 
have not been able to procure any detailed description of tlie large 
group of banks and “ cays ” further eastward on the southern side of 
Cuba ; within thorn there is a large expanse, >vlth a muddy bottom, 
from eight to twelve fathoms deep : altlmngh some parts on this line 
of coast arc represeftted in the general charts oif the West Indies, as 
fringed, I have not thought it prudent to colour them. The remaining 
portion of the south coast of Cuba appears to be without coral-reefs. 

Yucutan, — Tlic N.E. part of the promontory appears, in Capt. 
Owen’s bharts to be fringed ; coloured red. The eastern coast, 
from 20® to 18° is fringed. Smith of lat, 18°, there commences 
the most remarkable reef in the West Indies : it is about 130 miles 
ill length, ranging in a N. and S. line, at an average distance of 
15 miles from the coast. The islets on it are all low, as I have 
been informed by Capt. Ii. Allen ; the water deepens suddenly on 
the outside the reef, but not more abruptly than off many of the 
sedimentary banks : within its southern extremity (off Honduras) 
the depth is 25 fathoms ; but in the more northern parts, the 
depth soon decreases to 10 fathoms, and within the northernmost 
part, for a space of 20 miles, the depth is only from one to two 
fathoms. In most of these respects w c have the characteristics of a 
barrier-reef ; nevertheless, from observing, first, that the channel 
within the reef is a continuation of a great irregular bay, which 
penetrates the main land to the depth of 50 miles ; and secondly, that 
considerable S[)acc8 of this barrier-like reef are described in ^lie 
charts (for instance, in lat. 16° 45' and 16° 12') as fonned of pure 
saud ; and thirdly, from knowing that sediment is accumulating in 
many parts of tlie West Indies in banks parallel to tbcf shore ; I 
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haro ttot Tentuml to Ci>lour this as a barrit^r, without further 
evidence that it has really ^‘cn fortued by the gniwtli of corals, and 
that it is not inea*Iy in {uurts a spit of sand» and in other ports a 
woni-do^ii promontory, partially coated and fringed by reefs : 1 lean, 
however, to the probability of its being a barrier-reef, pnHluced by 
subsidence. To add to iny doubts, iimnediately on tlie outside of this 
barrier-liko reef, Turnejfl\ and Glutir reefs are situated, 

and these reefs have so completely the form of atolls, tliat if iftey had 
occurnxl in the Pacific, I should not have lu^sitated about colouring 
them blue. Turui ff'e /i\v/ seems almost entin‘ly filUnl np with low 
mud islets ; and the depth within the other two reefs is only from one 
ti> three fathoms. From this circumsUinco, and fro!n their similarity 
in form, structure, and relative position, lM»th to the bank called 
.Vor/Aern Triiiu*jlts on wliich there is an islet bctwtHni 7 1) and 80 
and to Cj: until Island, the level surface of wliich is like- 
wise betwi^en 70 and ^0 fivt in height, I consider it more probable 
tliat the tlirce foregoing banks are the woni-down bases of up- 
heaved shoals, fringed witli corals, than that they are true atolls, 
wholly j)roduced by the growth of coral during subsidence ; left 
uncoloured. 

In front of the eastern Mo^f/ulto coast, there are betw<*en lat. 
and IG® some (‘xteiisive banks, (already menti'un d, p. 1^7 ) with high 
islands rising from their centres ; and there are other hanks wliolly 
submerged, butii of which kinds of banks are bordensl, m ar their 
w indward margins, l>y crescent-shajKxl coral-ree fs, I hit it can 
hardly be duubtrd, as was obH<‘rved in the preliminary remarks, that 
the'*e laiiks oW(.- their origin, like the great hank txtemling from tlie 
Mos«[uito promontory, almost entirely to the accumulation cd* sedi- 
ment, and not to the grow th of corals ; hence I have m»t coloured 
tinm. 

Iftlinul : tljis island appears in the charts to be fringed ; 
and Capt. P>. Allen informs me that ritffs extend about a mile from 
the shore, and iiave only from 5 to 12 feet water wdthin them ; 
coloured red, — Jumatca : judging from the charts, uIkiuI 15 miles 
of the S.K. extremity, and about twice that length on the 8.W. ex- 
tremity, ainl some portions on the 8. side near Kingston and Port 
Koval, are n giilarly fringed, and therefore- are coloured red. From 
the, jdans of some harlumrs on the N, side of Jamaica, parts of the 
coast appe ar to be fringed ; but as these arc not rei>re8eiiUHi in tht 
charts of the wliole island, I have not coloure<l them. — Hi* Do- 
nuiujh . I have not been able to obtain sufficient information, cither 
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from plans of tho harbours, or from general charts, to enable me to 
colour any part of the coast, except 60 miles from Port de Plata 
westward, which seems very regularly fringed : many other parts, 
however, of the coast are probably fringed, especially towards the 
eastern end of the island. — Puerto Rico : considerable portions of 
the southern, western, and eastern coasts, and some parts of the 
northern coast, appear in the charts to bo fringed ; c#loured red. 
Some miles in length of the southern side of the Island of St, 
Thomas is fringed ; most of tho Virgin Gorda Islands, as I am in- 
formed by Mr. Schomburgk, are fringed ; the shores of Anegada^ as 
well as the bank on which it stands, are likewise fringed ; these 
islands have been coloured red. The greater part of the southern 
aide of Santa Cruz appears in the Danish survey to be fringed 
(see also Prof. Ilovey’s account of this island, in Silliman s Journal, 
vol. XXXV. p. 7-1.) ; the reefs extend along shore for a considerable 
space, and project rather more than a mile ; the depth within the 
reef is three fathoms ; coloured red. — The Antilles,^ as remarked by 
Von Buch (Dcscrip. lies Canaries, p. 404,) ,may be divided into 
two linear groups, the western row being volcanic, and the eastern 
of modern calcareous origin ; iny information is very defective on the 
whole group. Of the eastern islands, Barluda and the western coasts 
of Antigua and Marlagalante appear to be fringed : this is also the 
case with Barhadocs^ as I have been informed by a resident ; these 
islands are coloured red. On the shores of the western Antilles, of 
volcanic origin, very few coral-reefs appear to exist. Tlic island of 
Martinique^ of which there are beautifully-cxccuted French charts, 
on a very large scale, alone presents any appearance w’orthy of 
8])ecial notice. The south-western, southern, and eastern coasts, 
together forming about half tho circumference of the island, are 
skirted by very irregular banks, projecting geucrally rather less 
tiian a mile from the shore, and lying from two to five fathoms 
submerged. In front of almost every valley, they are breached by 
narrow, crooked, ateop-sided passages. The French engineers as- 
certained by boring, that these submerged banks consisted of madre- 
poritic rocks, which were covered in many parts by thin layers of 
mud or sand. From this fact, and especially from the structure 
of the narrow breaches, I think there can be little doubt that these 
banks onco formed living reefs, which fringed the shores of Xhe 
island, and like other reefs probably reached the surface. From some 
of these submerged bai»ks reefs of living coral rise abruptly, either 
in small detached patches, or in lines parallel to, but*some way 
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within, the outer edges of the banks on whicli they are baaed. 
Desidea the above banks which skirt the shores of the island, there 
ia on the eastern side a range of linear banks, similarly coiistitnted, 
20 miles in length, extending parallel to the coast- line, and sepa- 
rated from it by a space between two and four miles in width, And 
from five to fifteen fathoms in depth. From this range of detached 
banks, some linear reefs of living coral likewise rise abruptly ; and 
if they had been of greater lengtli (for they do not front wore than 
a sixth j>art of the circumference of the island, ) they would neces- 
sarily from their position have been coloured as barrier- reefs ; as the 
case stands, they are left unculoured. 1 8us|H.‘ct that after a small 
amount of subsideueo, the corals were killed hy sand and mud 
being deposited on them, and the reefs being thus prevented from 
growing up>vards, the bunks of inadreporitie roek were left in their 
present submerged condition. 

The ItERMUDA Isi.Axns have been carefully described by Lieut. 
Nelson, in an excellent memoir in the Geol. Transactions (vol. v. 
part i. p. lOo.) In the form of the bank or rt‘ef, on one side of wliicli 
the islands stand, there is a close gtaicral rcsemhkince to an atoll ; but 
in the following respects there is a considerable difliTcnce, — first, in 
the margin of the reef not fornnng (as I liave been informed by Mr. 
Chafiers, K. N.,) a flat, solid surface, laid bare at low water, and 
regularly bounding the internal s])ace of shallow water or lagoon ; 
secondly, in the border of gradually shoaling w ater, nearly a mile and 
a half ill width, which surrounds the entire out-ide of the reef (as is 
laid dow'n in Capt. Hurd’s chart) ; and thirdly, in the sizt*, height, 
and extraordinary form of the inlands, which present little resem- 
blance to tlie long, narrow, simj>le islets, seldom exceeding half a 
mile in breadth, wliich surmount the annular reefs of almost all the 
atolls in the Indian and Ihicilic Oceans. ^loreovcT, there are oviilent 
proofs (Nelson, ibid, p, 118), that islands similar to the existing 
ones, formerly extended owr other jjarts of the reef. It would, I 
believe, be difficult to find a true atoll with land exceeding 30 feet in 
heigljt; whereas, Mr, Nelson estimates the highest point of tho 
Bermuda Islands to be 200 feet ; if, however, Mr. Nelsoirs view, 
tliatthe whole of tlie land consists of .^aiid drifted hy the winds, and 
agglutinated together, were proved correct, this dilTcrenco would be 
immaterial ; hut, from Ids own account, (p. 118), there occur in one 
placo, five or six layers of rod earth, ii.tcrstratified with tho ordinary 
calcareous rock, and includi»,;r stones too heavy for the wind to ha4 
moved, vvitliout haviiii' at the same time utterly dispersed every 
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ffcnin of ilio accompanying drifted matter. Mr. Nelson attributes 
the origin of those several layers, with their embedded stones, to as 
many violeijt catastrophes ; but further investigation in such cases 
has generally succeeded in explaining phenomena of this kind by 
ordinary and simpler means. Finally, I may remark, that these 
islands have a considerable resemblance in shape to Barbuda in tlie 
West Indies, and to Pemba on the eastern coast of Africa, which 
latter island is about 200 feet in height, and consists of coral-rock. 
I believe that the Bermuda Islands, from being fringed by living 
reefs, ought to have been coloured red ; but I have left them un- 
coloured, on account of their general resemblance in external form to 
a lagoon- island or atoll. 
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Th«* nanif^ ln italics arc all nariic« of place*, aruJ refer eiclusively to the Apf>«n‘iix : In wtll- 
defined urchipelagocs, or groups of islands, tliu name of eatdi Si parate Island i§ not given. 


lirazil, confod hy corals, 58 
A hrolhoj< ( A ustralio ) , 174 
Absence of coral-reefs from certain 
coasts, 01 

Acaha, (jjdfofy 100 
Admiralty yroitp^ 108 
Africa, oast coast, frini^inf:^ reef of, 50 
Madreporitic, n>ck of, 100 
Africa^ east coasts 188 
Ajro of individual corals, 71, 81 
AloUf 17*2 * 

Aitutakif 154 
Ahlahray 180 
Alert recj\ 100 

Aleraader Grand l)uhv ^ island^ 157 
Allan, Dr. 

on Holuthnritr feedinj? on corals, 14 
on quifk growtli of corals at Mada- 
gascar, 77 

on reefs affected by currents, 58 
AUoufaton^ IGl 
Alphonse y 185 
Anmrgtnay 101 
Amhoinay 170 
AmerU'ay west coo sty 151 
AmiranteSy 185 
Annehorites^ 108 
Ana mhos y 178 

Anamouka, description of, 133 

Anavioukay 161 

Andaman islands y 178 

Antillesy 203 

Appoo reef^ 179 

Arabia Felix y 191 

Areas, 

great extent of, interspersed with 
low islands, 91 

of subsidence and of elevation, 142 
of subsidence appear to bo elon- 
gab-d, 143 

of subsidence alternating with ureas 
of elevation, 145 
Arrngroupy 172 

Arzobupoy 171 | 

Ascidia, depth at wliich found, 80 


Asiomption, 185 
Astovay 185 
Atlantic UlandSy 103 
Atolls, 

breaclK S in their rt'cfs, 28, 107 
dimensions of, 20 
diinen’*ions of groups of, 91 
not bast'll on craters, or on banks 
of sediment, or of rock, 89, 92, 
93, 94, 140 

of irn‘gnlar ft>rms, 20, 111 
st(‘epiuss of tlieir flanks, 22 
width of their reef and islets, 20 
tiicir lowness, 90 
lagoons, 20 
general range, 120 
with part of their reef subnicrgcnl, 
aiul thc'<5r>' of, 27, KK) 
their whole reef submerged, and 
theory of, 28, 100 
Aaynsfin, St. 102 

Aurora island, an upraised atoll, 81, 91, 
139 

Aurora, 152 

Austral islands, recently elevati^, 132, 
139 

Austral islands, 154 
Amtralia, N,W> coast, 174 
Australian barrier-reef, 40, 1*25 
Australian harrier y 100 

Babuyan yroup, 180 
Bahama Ixiaht, 198, 2lH) 

BalabaCy 178 
Bally, 175 
Baring, 103 
Harrier- reef 

of .Australia, 40, 125 
of New Caledonia, 49 
llarricr-reefs 

breaclies through, 100 
not l)asc<l on worn-down margin of 
rook, 49 

on banks of JH*dimcnt, 49 
on submarine emUfrs, .50 
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Bwrrter-reefii 

of thdr flaokii. 4‘2 
their probable vertical thickness. 
47,90 

theory of their formation, 99, 10*i 
Hampton skoal t Ukl 
Bnnkg ishU<.t 11 >6 
Hanks in the ir Indies^ 107 
Bnshee ishis.t IBO 
Bass isld.^ ir>ti 
Baton, 101 
Beanprt^ reef, IfWl 
Btvciiey, (’apt.. 

obli^tions of the autiinr to, 21 
on sabmerged reef>, 27 
account of Matilda inland, 75 
Belcher, Ciipt., on boring through coral- 
reefs, 7 ‘3 

Belize, reef off, 201 

Bellinghausen, 154 

Bermuda ishU., 204 

Beveridge reefy 100 

Blnjh, la'j 

Holabola, view of, 3 

Bomhap shoal, 182 

Bouin hng, 177 

Bonin group, 171 

Borings through (’(/ral-n'efs, 73 

Borneo, \V. coast, recently elevated, II 

Borneo 

B. const, 176 

S. 1V\ and ir. const, 178 


Ceylm, 18^1 

C’hagott. (Innit Imnk, tle^HpUon and 
theory of, 31), 111 
f'hagos gnmp, 113 
("Hugos group, 183 

I (Mianm sliclls eridwHld^'fl in coml ro<’k. 70 
I (’fiainissoon corals preferring Ua? iUJrf,3Jl 
; (’hunges 

! in the state of KtHling aU>U, 15 

i ofutolli, iK) 

I (’hanntls 

leading into the lag(Mvns 
of ntolU. 28, 197 

the Maldiva atolls, 52, 50 
through barrier-reefs, 190 
I Chose, 193 

('hinif sea^ I8l 

(’hristniHs atoll, 74, Ilk) 

■ Christmas atoll, 157 
j (^hristmas idd, {^Indian ocean), 183 
I ("fare nee, 157 
! ( 'Upper tan rock, 151 
(( ■•HN»s,or KtH'ling atoll, «5 
I ("t>cos {or heeling), 183 
\ ("ocas isid, {/*(inf(‘), 151 
, ( ’('cbiri-C'hina, eiJcri/a< hment5of tin* sea 
I on the coKst, 12H 

Coehin China, 183 
» ; i'aetivi , 185 
'■ Comoro group, 189 
j Composition of cf)ral-tunn:itions, 1 19 
1 (5uui’h»n»enit(; 


jV. m/.’Cl79 coral-rock on Ket ling atoll, 12 

icesfern hank, 183 on othn- atolN, 25 

Boscatren, 101 coral rock, 119 

Boston, 193 Cook i.dd-*., recently eles ated, 1.32, 139 

Bouha, 19»7 CijoU in! its., 154 


JlourkHjt, 185 j ('oral-hlo<‘ks hon d h\ verniifonri aai- 

BourW, 173 inal-, 14, 117 

Bouton, 177 Coral-reefn, 


Brazil, fringing rwfs on coast of, 57 

Breaches througli barrier- reefs, 190 

Brook, 150 

Bunker, 150 

Bunoa, 178 

Byron, 103 


j their distrihntion and al)sencc frt:)in 
i certain areas, (^(i 

! destrovi'd hy loose sediment, 05 

Coral-j-fjck 

at Keeling atoll, 12 
1 Mauritius, 55 


Co gay ones, 179 

i'nndelaria, 107 

(at rgados Co ra jos , 184 

Caroline isld., 150 

('arol)ne arch., 108 

Carteret shoal, 172 

C'aryojjljyllia, depthsat which itlives,84 

Caddli, 179 

('aymnn Idd., 202 

Celebes, 173 

(Jeram, 172. 

Ceylon, recently elevated, 135 


organic remains of, 117 
Corals, 

dead hut u}>right in Keeling la- 
goon, 15 

deptlisat which they live, H4 

off Kctdifig atoll, 8 
killed by u Miort exjK>siirf?, 0 
living in the Iugo<tn of Keeling atoll, 
13 

rpdek growth of, in Keeling lagoon, 

mere ly eoating the bottom of the 
sea, 58 
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Corals, 

standing exposed in the Low arch., 
120 

Corallian sea, 125 
Corallian sea, 166 
Cornwallis f 103 
CosmoledOj 186 
Couthouy, Mr. 

alleged proofs, of recent eleiration 
of the Low arch., 128 
on toral-rock at Mangaia and An- 
ton ifll., 81 

on external ledges round coral 
islancb, 104 

remarks confirmatory of the au* 
thor's thcorj', 128 
Cresccut-formcd reefs, 110 
Cuba, 200 

Cuinijig, Mr., on the recent elevation 
of the Phillij)pines, 135 0 

Dangerous or Low arch,, 152 
Danger islds,, 157 
Deptlis, 

at which reef-building corals live, 
80 

at Mauritius, the Red Sea, and 
in the Maldiva arch., 83 
at which other corals and coral- 
lines can live, 85 
Dhnlac group ^ 192 

Diego Garcia, slow growth of reefs, 09 
Ditiieusionc of the larger gn)Ups of atolls, 
91 

Disseverment of the Maldiva atolls, and 
theory of, 37, 108 
Distrihiition of coral-reefs, 60 
Domingo, St., 202 
Dory Port recently elevated, 134 
Dory Port, 171 
DuffUlds., 165 
Durour, 168 

Eap, 170 
Karth quakes, 

at Keeling atoll, 18 
in groups of atolls, 07 
in Navigator arch., 133 
Kttst Indian arch, recently elevated, 134 
Raster, 151 
Echequier, 168 
Ehreiiberg, 

on the banks of the Red Sea, 58, 
191 

on depth at which corals live in the 
R<hI >Sca, 83 

on corals preferring the surf, 64 
on the anthiuity of certain corals, 
71 


Elmeo, 153 

ElevatH reef of Mauritius, 54 
Elevations recent, 
proofs of, 131 
immense areas of, 143 
Elivi, 170 
Elixabeth isld., 73 

recently elevated, 132, 140 
Elizabeth isld., 152 
Ellice group, 162 
Encircled isids., 
their height, 45 

their geological composition, 46, 
50 

£oua, description of, 133 
Eoua, 160 

Erupt^ matter, probably not associated 
with Uiick masses of coral rock, 
118 

Fais recently elevated, 134, 140 

Pais, 170 

Fanning, 158 

Farallon de Medinilla, 171 

Farsan group, 192 

Fa taka, 165 

FU{ji arch,, 16 1 

Fish, 

feeding on corals, 14 
killed in Reeling lagoon by heavy 
rain, 19 

Fissures across coral bids., 97, 193 
FiURoy, Capt., 

on a submerged shed at Keeling 
atoll, 17 

on an inundation in the Low arclu- 
pt'lago, 96 
Flint, 156 
Flores, 175 
Florula, 199, 200 
Folger, 171 
Formosa, 180 

Forster, theory of coral formations, 94 
Frederic reef, 166 
FreeicUl, 172 

Friendly group recently elevated, 133, 
140 

Friendly arch,, 160 
Fringina-reefs, 

absent where coast precipitous, 51 
breached in front of streams^ 66 
described by MM. Quoy and Gaiiu** 
ord, 131 

not closely attached to shelving 
coasts, 53 

of east coast of Africa, 56 
of Cuba, 55 
of Mauritius, 51. 
on worn-down banks of rock, 58 
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Kringing*reeft, ; Ulft* of corol-rook, their detlntcUoit iti 

on banks of teiUmeot, 5 B ti‘i‘ MaMiva atoUs, 97 

I heir appearance when elevated, 

54 2(>2 
their growth Influenced by currents, J arris, IMl 

55 ; Java recently elevated, 134 
by shallowness of ieR, 67 Java^ 17tl 

\ J ohnston isULj lf*fl 

,, , . ». tri ^ Juan iie Sin>a, 1H<1 

WnSfTeS ■’ i Ift7 


Uambler Islds, section of, 48 
Gambirr islds», 15‘i 
Gardner, 157 
Gasjmr rico, 163 

lieological composition of coral -foriim* 
tious, 116 
Gi7fter/ arcA.* 1&2 
GUoio, 173 
GhriosOj 185 
(Uoucester iald., 90 
(Hover reefy *20ti 
Gomez, 151 
Gouapy 170 
Goulouy 170 


'Aa/afoa. 170 

^ Kaintsehatka, proofs of Its recent «le- 
I vatiuu, 14*2 

I Karknlaug, 174 
Keeling atoll, iiectlon of m-f, 5 
Keeling y 

fouth atoll y 18:1 
north atoll y 183 
K^^iujy 17*2 
ftemiu. loti, 157 

Kennedijy HVl 
KepjMly 161 

; A'umi, 181 


GrarnpuSy 171 
Grnn Cocaly IGQ 

Great Chagos bank, description 
theory of, 39, 1 1 1 
Grey, Capt., on stind-bars, 53 
Grouping of the ditferent classc's 
reefsi, 1‘24 
GuedeSy 17*2 


Laccadive group y 184 
I ' Ladrunesor Marianas, recent Iv elevated, 
i 134 

Ladrones arch., 170 
I^ffoon of Keeling atoll, 13 
1 Lagoons, 

borderofl by inelinoil ledges and 
walls, and theory of their forma- 


Hall, Capt. B., on Loo Choo, 13.5 i 

Hanrey islds. recently elevatcni, 139 j 

Jlfirvey or Cooh vdds.y 154 i 

Height of encircled islds., 45 1 

Ilcrmites, 168 

llognleiiy 169 i 

Holuthuria? feeding on corals, 14 
Honden isid., height of, 91 j 

JlondurnSy reef oJf\ 201 | 

HorUy 161 j 

Jlontmnn Abrolhos, 174 j 

Huaheine, allegtrd proofs of its recent' 
elevation, 139 1 

Huaheirie, 154 
Humphrey, 150 

Hunter y 161 i 

llurricanes, effects of on coral islds., 90 I 

Immnum, 191 
Independence y 162 

India, west coast, recently elcvatc<l, 

‘ 135 

India y 191 I 

Irregular reefs in shallow seas, 57 } 

TsleU of coi^il-rock, their formation, 1 1 , 


lion, 30, 103 

of small atolls fillnf up with sciil- 
inent, 31 

laigoon rhanneN within !»arrier*rt*cfs, 43 
I.Jigoon-rt'»‘fs, all snf»niergifi in soriiu 
atolls, unrl all ri'^ing to the sur- 
fae»' in others, 08 
Lancaster reefy 1,56 
LaitCy 161 

Lauglan islds. y 160 

lodges round cerUin lagoons, 30, 193 
LettCy 174 
Lighthouse reefy 202 
Lloyd, Mr., on corals reftxing them- 
selves, 78 

Loo Choo, recently elevated, 1.35 
Loo C’haOy 181 
Louiiiad^y 166 

Low urchijMdago^ alleged proofs of its 
recent elevation, 128 
Low. arch. 152 
Lowness of coraMslanrls, 99 
Ijojnlty group y 106 
Lure para, 178 

Lutke, Adm., on fissures across coral- 
islands, 97 
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Luzon recently elevated, 136 
Luzon^ 179 
Lyoll, Mr,, 

on channels into the lagoons of 
atolls, 29 

on the lowness of their leewaitl 
sides, 100 

on the antiquity of certain corals, 7 1 
on the apparent continuity of dis- 
tinct coral-islands, 118 
on the recently elevated beds of the 
Red Sea, 137 

on the outline of the areas of sub- 
sidence, 143 

Mneassar ttr.^ 170 
Macclesjield bank, 182 
Madagascar, 

quick growth of corals at, 77 
madreporitic rock of, 130 
Mdd/igngcar^ 187 
M(tdjiko-»ima^ 181 
Madura {Java) i 170 
Madura {India) y 183 
Muhlos Malidoo, theory of formation, 
109 

Malacca recently elevated, 134 
Malacca y 178 * 

Muicolinson, Dr., 

on recent elevation of W. coast of 
India, 135 

on recent elevation of Camaraii 
isld,, 130 
MaUleii, 150 
Maldiva atolls, 

and theory of their formation, 32, 
105, 10*8 

steepness of their flanks, 22 
growth of coral at, 77 
Afaldiva arch., 18il 
Mungaia isld., 81 

recently elevated, 132, 139 ; 

Afangaia, 155 
AfangSy 171 

Marian^ recently elevated, 134 
Mariana arch,, 170 
Afariere, 170 
Afarquesas arch., 154 
Marshall arch., 103 
Afar shall isld., 171 
Martinique, 203 
Mar tires, 170 

Mary’s 8t. In Madagascar, harlK)ur 
made in reefs, 65 • 

Maryj isld., 157 
Alatia or A urora , 152 
Matilda atoll, 75 
Mauritius, 

fringing reefs of, 51 


Mauritius, 

depths at which corals there live, 81 
recently elevated, 136 
Mauritius, 184 
Maurua, section of, 48 
Maurxui, 153 
Meuchicoff atfdl, 20, 111 
Mendana arch., 154 
Mendana isles, 165 
Mexico, gulf of, 199 
MilleporacompIauaU at Keeling atoll, 7 
Mindoro, 170 
Mohilla, 186 

Molucca islands, recently elevated, 134 
Afopeha, 164 

Moresby, Capt., on boring through 
coral- reeft, 73 
Aforty, 173 
Mosquito coast, 202 
Musquillo atoll, 111 
Alysol, 173 

Namourrek group, 110 
Natunas, 178 • 

Navigator arch., elevation of, 133 
Navigator arch., 159 
Nederlandisch, 162 
Nelson, Lieut., 

on the consolidation of coral-rocks, 
underwater, 73 
theory of coral fonnations, 94 
on the Rermuda islds., 204 
New Britain, 168 
New Caledonia, 

steepness of Its reef, 42 
barrier-reef of, 49, 103, 110, 125 
New Caledonia, 166 

Guinea {JS. end), 168 
New Guinta (JF. end), 171 
N'eta Hanover, 167 
New Hebrides recently elevaUni, 133 
New Hebrides, 164 
New Ireland recently elevated, 133 
New Ireland, 167 
New Nantucket, 157 
Nicobar islds., 178 
Niouha, 161 
Nulliportfi, 

at Keeling atoll, 0 
on the reefs of atolls, 24 
on barrier reeft, 42 
their wide distribution and abun- 
dance, 86 

Objections to the theory of subsi- 
dence, 115 

Ocean islds., 169, 163 
Ono, 162 
Onoiu^u, 161 
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0 rmu 2 , 191 

(hcfir {ir<mpf 

Otscillaiions of level, 131?, 140 
OMi/an, or f/o/on, 108 
Oululliy atoll, 75 
Outoriff JavOt 107. 

Palatcmif 

S. W, coast, 178 
N, W. coast, 170 
western bani, 183 
Palmerston, 164 
Palmyra, 158 
Paracelh, 18'i 
Parnquas, 18;i ' 

Patchou\ 181 

Pcletc isUs., no 

Voiuha isUK, singular form of, 130 

Peoilot, 189 

Penrhyn^ 166 

Percijrino, 160 

PcTuambuco, Imr of i'anil>toiu‘ at, 61 

Persian gulf, rtHJonds- eleMtt< <l. 137 

Persian gulf, 191 

Pesendo, 150 

Pescadores, 181 

Pf If ster group, 10'2 

Philip, 170 

Phillii)|)ine arch., roeeiUlyelt vat< <l, 13,' 

Phillippine arch., 179 

Plurnix, 167 

Piguiram, 100 

Pitcairn, 16*2 

Pitt’s bank, 113 

Pitt hid., 103 

Platte, ll^j 

Pleasant, 103 

Porites, cliief coral on margin of Keel- 
ing atoll, 0 
Pit.Hilhons, 170 
Pouynipete, 1*20 

its probable subsab nec, 127 
Pouynipete, 108 
Prat as shoal, 181 
Prohy, IGl 
Proeidenee, 185 
Puerto Jlico, *203 
Pulo Anna, 170 

J’uniice floated to coral iskls., 117 
Pylstaart, 160 

Pvrard dc Laval, astonishment at the 
atolls in tlic Indian ocean, 2 

Qiioy and Oaimard, 

depths at which corals live, 81 
•■description of reefs applicable onU 
to fringing-reefs, 131 

Range of atolls, 120 


RafHt, KVl 
Iirar.u*n, 167 
Sea, 

Imnks of rock eoaUnl by reefSi, 58 
pnH)fa of ilH riHViit eJcviitioii, 136 
supposcit subsURnce of, 138 
lied .VtYi, 191 

Hci'fs, 

irw'gnlar in shiUlow «c««,57 
rising to tin* surface In some tagoonf 
and all submerged In others, 08 
their distribution, 60 
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CHAPTER I. 


fit. JAOO, IN Tirs CAPB DB VERDE ARCHIPELAGO. 

Rocks of the lomet eeriee.’^A calcareous sedtmentarif deposit^ with recent 
shells^ altered hy the contact of superincumbent lava, its horitorUaliiy 
and extent — Subsequent volcanic eruptions, associated with calcareous 
matter in an earthy and fibrous form, and often enclosed within the 
separate cells of the scoriw — Ancient and obliterated orifices of eruption 
of small size — Difficulty of tracing over a bare plain recent streams of 
lava — Inland hills of more ancient volcanic rock^ Decomposed olivine in 
large masses — Feldspathic rocks henealh the upper crystalline basaltic 
strata-— Uniform structure and form of the more ancient volcanic hills — 
Form of the valleys ^near (he coast — Conglomerate now forming on the 
sea beach. 

The island of St. Jago extends in a N.N.W. and S.S,E. 
direction, tliirty miles in length by about twelve in breadth. 
My observations, made during two visits, were confined to 
the southern portion within the distance of a few leagues 
from Porto Praya. The country viewed from the sea, pre- 
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MHits » railed outline: imooth conical bSle of a reddinh 
edbnr (li^® Hill in the accompanying wood-cut),* and 
others lcii« regular, flat-topped, and of a bhuddsh colour (like 
A, B, C,) rise firom successhre, atep-fonned plains of lava. 
At a distance, a chain of mountains, many tWsand fSect in 
height, traverses the interior of the island. There is no 
active volcano in 8t. Jago, and only one in the group, 
namely at Togo. The island since being inliabited, has not 
suffer^ from destructive earthquakes. 

The lowest rocks exposed on the coast near Porto Praya, 
are higldy crystalline and compact ; they appear to Ik* of 
ancient, submarine, volcanic origin ; they are nnconforniably 
covered by a thin, irregular, calcart’ons deposit, alM>unding 
with shells of a late tertiary period ; and tlu.s again is eapiMHl 
by a wide sheet of basaltic lava, which has flowcil in suc- 
cessive streams from the interior of the island, l>etwcen the 
square-topped hills marked A, B, C, &c.* Still more recent 
streams of lava have been erupted from the scattered cones, 
such as Retl and Signal Post Hills. Tlie np|)er strata of the 
square-topped hills are intimately relatetl in iniqeralog^eal 
composition, and in other respects, with the lowest scries of 
the coast-rocks, with which they seem to be continnoiis. 

Mineralogical description of the rocks of the lowest series . — 
These rocks possess an extremely varying character ; they 
consist of black, brown and gray, compact, basaltic bases, 
with numerous crystals of augite, hornblende, olivine, mica, 
and sometimes glassy feldspar. A common variety is almost 
entirely composed of crystals of augite with olivine. Mica, 
it is known, seldom occurs wlicre augite abounds ; nor pro- 
bably does the present case offer a real exception, for the 
mica (at least in my best characterized specimen, in which 
one nodule of tliis mineral is nearly lialf an inch in leugfth,) 
is as perfectly rounded as a pebble jn a conglomerate, and 

The outline of the coast, the position of the villages, streamlets, 
.md of most of the hills in this wood-cut, are copied from the chart made 
on Wd H. M. S. Leven. The square topped Wits (A, B, C, Ac.) are 
put in rilcrely by eye, to illustrate my description. 
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evidently has not been erystallized in the base, in which it is 
now inclosed, but has proceeded from the fusion of some 
pre-existing rock. These compact la^ alternate with tuffs, 
amygdaloids and wacke, and in some places with coarse 
conglomerate. Some of the argUlaceous wackes are of a 
dark green colour, others, pale yellowish-green, and others 
nearly ‘white ; I was surprised to find that some of the 
latter varieties, even where whitest, fused into a jet black 
enamel, whilst some of the green varieties afibrded only a 
pale gray bead. Numerous dikes, consisting chiefly of highly 
compact augitic rocks, and of gray amygdaloidal varieties, 
intersect the strata, which have in several places been dislo- 
cated with considerable violence, and thrown into highly- 
inclined positions. One line of disturbance, crosses the 
northern end of Quail Island, (an blet in the bay of Porto 
Praya) and can be followed to the mainland. These dis- 
turbances took ^lace before the deposition of the recent 
sedimentary bed; and the surface, also, had previously been 
denuded to a great extent, as is shown by many truncated 
dikes. 

Description of the calcareous deposit overlying the fore- 
going volcanic rocks. — This stratum is very conspicuous 
from its white colour, and fi*om the extreme regularity with 
which it ranges in a horizontal line for some miles along the 
coast. Its average height above the sea, measured from 
the upper line of junction with the superincumbent basaltic 
lava, is about sixty feet ; and its thickness, although varying 
much from the inequalities of the underlying formation, may 
be estimated at about twenty feet. It consists of quite white 
calcareous matter, partly composed of organic debris, and 
partly of a substance which may be aptly compared in 
appearance with mortar. Fragments of rock and pebbles 
are scattered throughout this bed, often forming, especially 
in the lower part, a conglomerate. Many of the fragments 
of rock are whitewashed with a thin coating of calcareofts 
matter. At Quail Island, the calcareous deposit is replaced 
in its lowest part by a soft, brown, earthy tuff, full of Turritellse ; 

B 2 
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this is covered by a bed of pebbles^ passing into sandstone, 
and mixixl with fragments of echini, claws of crabs, and 
shells ; the oyster shells still adhering to the rock on which 
they grew. Numerocis white balls appearing like pisolitic 
concretions, from the size of a walnut to that of an apple, are 
embedded in this deposit ; they usually have a small pebbh* 
in their centres. Aliiiough so like concretions, *a close 
examination convinced me that they w ere Nulli]>ora% retaining 
tlieir pro|)er forms, but with their surfaces slightly abradeil : 
these Ijodies (plants as tliey are now generally considered to 
l>e), exhibit under a microscoj^e of ordinary j)ower, no 
traces of organization in their internal structure. Mr. 
(icorge R. Sowerby has In^en so goo<l as to examine the 
shells which I collected : there are fourteen s|K*cies in a 
sufficiently perfect condition for their characters to l>e made 
out with some degree of certainty, and four which can bf‘ 
referred only to their genera. Of the fourteen shells, of 
which a list is given in the A])])endix, eleven are recent 
species; one, though undescribed, is perhaps identical with 
a species, which I found living in the harliotir ^of Porto 
Praya ; the two remaining species are unknown, and have 
been described by Mr. Sowerl)y. Until the sludls of this 
Archipelago and of tlie neighbouring coasts are hc'tter known, 
it would be rash to assert tliat even th(»se two latter shells 
are extinct. The number of species which certainly belong 
to existing kinds, althoiigli few^ in number, are sufficient 
to show that the deposit belongs to a late tertiary period. 
From its mineralogical character, from the miinber and size 
of the embedded fragments, and from the abundance of 
Patelhe, and other littoral shells, it is eviilent that the whole 
was accumualted in a shallow sea, near an ancient coast-line. 

Effects produced by the flitwing of the mperincumbent basaltic 
lava mur the calcareous deposit , — These jcffects are very curious. 
The calcareous matter is altered to the depth of about a foot 
beneath the line of junction ; and a most perfect gradation 
can be traced, from loosely aggregated, small, particles of 
sliells, ('orrallines, and Nnllipora?, into a rock, in which 
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not a trace of mechanical ori|fin can be discovered, even with 
a microscope. Where the metamorphic change has been 
greatest, two varieties occur. The first is a hard, compact, 
white, fine grained rock, striped with a few parallel lines of 
black volcanic particles, and resembling a sandstone, but 
which, upon close examination, is seen to be crystallized 
through'out, with the cleavages so perfect tliat tliey can be 
readily measured by the reflecting goniometer. In specimens, 
where the change has been less complete, when moistened 
and examined under a strong lens, the most interesting 
gradation can be traced, some of the rounded particles 
retaining their proper fonns, and others insensibly melting 
into the granulo-crystalline paste. The weathered surface 
of this stone, as is so frequently the case with ordinary 
limestones, assumes a brick-red colour. 

The second metamorphosed variety is likewise a hard rock, 
hut without any cl^stalline structure. It consists of a white, 
oj)aque, compact, calcareous stone, thickly mottled with 
rounded, though irregular, spots of a soft, earthy, ochraceous 
substance. This earthy matter is of a pale yellowish-bi-own 
colour, and appears to be a mixture of carbonate of lime 
with iron ; it effervesces with acids, is infusible, but blackens 
under the blow-pipe, and becomes magnetic. Tlie rounded 
form of the minute patches of earthy substance, and the steps 
in the progress of their perfect formation, which can be 
followed in a suit of specimens, clearly show that they are 
due either to some power of aggregation in the earthy 
particles amongst themselves, or more probably to a strong 
attraction between the atoms of the carbonate of lime, and 
consequently to the segregation of the earthy extraneous 
matter. I was much interested by this fact, because I have 
often seen quartz rocks (for instance, in the Falkland Islands, 
and in the lower Silurian strata of the Stiper-stones in 
Shropshire), mottled in a precisely analogous manner, with 
little spots of a white, earthy substance (earthy feldspar?) ; and 
these rocks, there was good reason to suppose, had undergone 
(he action of heat, — a view which thus receives confirmation. 
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Diit spotted struotore may possibly afford some indication 
in distinguisbing those formations of quarts, which owe their 
present structure to igneous action, from those produced by 
the agency of water alone ; a source of doubt, which I should 
think from my own experience, that most geologists, when 
examimng arenaceo-quartiose districts, must have experi- 
enced. 

Tlie lowest and most scoriaceous part of the lava, in rolling 
over the sedimentary deposit at the bottom of the sea, has 
caught up large quantities of calcareous matter, which now 
forms a snow-white, higlily cr)'stalline, basis to a breccia, in- 
cluding small pieces of black, glossy scorijc. A little above 
this, where the lime is less abundant, and the lava more com- 
pact, numerous little halls, composed of spicula of calcareous 
spar, radiating from common centres, occupy the interstices. 
In one part of Quail Island, the lime has thus been crystal- 
lized by the heat of the superincumbent* lava, where it is 
only thirteen feet in thickness ; nor had the lava been 
originally thicker, and since reduced by degradation, as 
could 1)0 told from the degree of cellularity of its surface. 
I have already observed that the sea must liave been shallow 
in w’hich the calcareous deposit was acciiniulattHl. In this 
case, therefore, the carbonic acid gas has been retained 
under a pressure, insignificant comj)ared with that (a column 
of water, 1708 feet in height) originally supj>oscd by Sir 
James Hall to he requisite for tliis end : but since his ex- 
periments, it has been discoveretl that pressure has less to do 
with the retention of carbonic acid gas, than the nature 
of the circumjacent atmosphere ; and hence, as is stated to 
be the case by Mr, Faraday,* masses of limestone are some- 
times fused and crystallized even in common lime-kilns. 
Carbonate of lime can l)e heatetl to almost any degree, 

* 1 am much indebted to Mr. E. W. Braylty in having given me the 
following references to papers on this subject : Faraday, in the Edin- 
burgh New Philosophical Journal, vol. xv. p. .398 j Gay Lussac, in 
Annalcs de Chem. ct Phys. tom. Ixiii. p. 219, translated in the London 
and Edinburgh Philosophic.al Magazine, vol. x. p. 496. 
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accordiog to Faraday, in an atmoapliere of carbonic acid gas, 
without being deepinpoaed i <uid Gay Lussao found that 
fragments of limestone, placed in a tube and heated to a 
degree, not sufficient hy itself to cause their decomposition, 
yet immediately eTolTed their carbonic acid, when a stream 
of cmnmon air or steam was passed over them : Gay Lussac 
attributes this to the mechanical displacement of the nascent 
carbonic acid gas. The calcareous matter beneath the lava, 
and especially that forming the crystalline spicula between 
the interstices of the scoriae, although heated in an atmosphere 
probably composed chiefly of steam, could not have been 
subjected to the efiects of a pasmng stream ; and hence it is, 
perhaps, that they have retained their carbonic acid, under a 
small amount of pressure. 

The fragments of scorue, embedded in the crystalline 
calcareous basis, are a jet black colour, with a glossy 
fracture like pitehatone. Their surfaces, however, are coated 
with a layer of a reddish-orange, translucent substance, which 
can easily be scratched with a knife ; hence they appear as if 
overlaid by a thin layer of rosin. Some of the smaller 
fragments are partially changed throughout into this sub- 
stance: a change which appears quite diflerent from ordinary 
decomposition. At the Galapagos Archipelago (as will be 
described in a future chapter,) great beds arc formed of 
volcanic ashes and particles of scprjse, which have undergone 
,a closely similar change. 

The extent and horizontality of the calcareous stratum . — rThe 
upper line of surface of the calcareous stratum, which is so 
conspicuous from being quite white and so nearly hori- 
zontal, ranges for miles along the coast, at the height of 
about sixty feet above the sea. The sheet of basalt, by 
which it is capped, is on an average eighty feet in thickness. 
Westward of Porto Praya beyond Red Hill, the white stra- 
tum with the snperinchnibeut basalt is covered up by more 
recent streams. Northward of Signal Post Hill, I could 
follow it with ray eye, trending away for several miles along 
the sea clifls. The distance thus observed is about seven 
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n^Ses ; but I canixot doubt &om its regularity, that it extends 
niQch further. In some ravines at right angles to the coast, 
it b seen gently dipping towards the sea, probably with the 
same inclination as when deposited round the ancient shores 
of the island. I found only one inland section, namely, at the 
base of the hill marked A, where, at the height of some 
hundred feet, this bed was exposed ; it here resteii on the 
usual compact augitic rock associated with wacke, and was 
covered by the wide-spread sheet of mo<lem basaltic lava. 
Some exceptions occur to the horizontality of the wliite 
stratum ; at Quail Island, its upper surface is only forty feet 
above the level of the sea ; here also the capping of lava is 
only between twelve and fifteen feet in thickness; on the 
other hand, at the N.E. side of Porto Pray a harlx>ur, the 
calcareous stratum, as well as the rock on which it rests, 
attain a height above the av(>rage level : the ine<|uality of 
level in these two cases is not, as I believof owing to unccpial 
elevation, but to original irregularities at the bottom of the 
sea. Of this fact, at Quail Island, there was clear evidence 
in the calcareous deposit being in one part of uiiicli greater 
than the average thickness, and in another part ln'ing entirely 
absent ; in this latter case, the modern basaltic lavas rested 
directly on those of more ancient origin. 

Under Signal Post Hill, the white stratum dips into the 
sea in a remarkable manner. This liill is conical, 450 feet in 
height, and retains some traces of having had a craterifonn 
structure; it is composed chiefly of matter erupted posteriorly 
to the elevation of the great basaltic plain, hut partly of 
lava of apparently submarine origin and of considerable 
antiquity. The surrounding plain, as well as the eastern 
flank of this hill, have been worn into steep precipices, over- 
hanging the sea. In these preeij)ice8, the white calcareous 
stratum may he seen, at the heiglrt of about 70 feet almve 
the beach, running lor some miles* both northward and 
99uthward of the hill, in a line appf.‘uring to be perfectly 
horizontal: but for a space of a quarter of a mile directly 
under the hill, it dips into the sea and disappears. On the 
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gottth Bide the dip id gradual, on the north side it is more 
abrupt, as is shown in the woodcut. As neither the cal* 

No. 2. 



BIOKAL POST HUX. 

A"->jiiieient volctnio rocki. 

B— Cftlctreoui strotuin. 

O— Upp«r bMaltk 

careous stratum, nor the superincumbent basaltic lava (as 
far as the latter can be distinguished from the more modem 
ejections), appear to thicken as they dip, I infer that these 
strata were not originally accumulate in a trough, the centre 
of which afterwards became a point of eruption ; but that 
they have subsequently been disturbed and bent. We may 
suppose either that<6ignal Post Hill subsided after its elevation 
with the surrounding country, or that it never was uplifted 
to the same height with it. This latter seems to me the 
most probable alternative, for during the slow and equable 
elevation of this portion of the island, the subterranean 
motive power, from expending part of its force, in repeatedly 
erupting volcanic matter from beneath this point, would, it 
is likely, have less force to uplift it. Something of the same 
kind seems to have occurred near Red Hill, for when tracing 
upwards the naked streams of lava from near Porto Praya 
towards the interior of the island, I was strongly induced to 
suspect, that since the lava had flowed, the slope of the land 
had been slightly modified, either by a small subsidence near 
Red HiU, or by that portion of the plain having been uplifted 
to a less height during the elevation of the whole area. 

TAc basaltic lavOf superincumbent on the calcareous deposit. — 
This lava is of a pale gray colour, fusing into a black enamel; 
its fracture is rather earthy and concretionary ; it contains 
olivine in small grains. The central parts of the mass ane 
compact, or at most crenulated with a few minute cavities, 
and arc often columnar. At Quail Island this structure was 
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■imedi in » itrildiftg wiiui^ri ihe Uva w qua pArt l>diog 
^glded into )ion«»)tAl laminie, which becAine in Another part 
spfithyTertical flesureeinto fiTe>«(led platea; and thceeagain, 
>M»ing pUed on each other, insensibly became soldered t(^^her, 
fomiing fine symmetrical columns. The lower surface of the 
lava is viricular, but sometimes only to the thiokuess of a few 
inches; the upper sur&ce, which is likewise verioular, is 
divided into balls, frequently as much as tliree feet in 
diameter, made up of concentric layers. The mass is com- 
posed of more than one stream ; its total thickness l)cing, on 
an average, about eighty feet: the lower portion has cer- 
tmnly flowed beneath the sea, and probably likewise the 
upper portion. The chief part of this lava has flowed from 
the central districts, between the hills marked A, B, C, Ac. in 
the woodcut-map. The surface of the country, near the 
coast, is level and barren; towards the interior, the land 
rises by successive terraces, of which four, when viewed from 
a distance, could be distinctly counted. 

Volcanic eruptions subsequent to the elevation of the coast- 
land; the gected matter associated with earthy lime. — These 
recent lavas have proceeded from those scattered,’ conical, 
reddish-coloured hills, which rise abruptly from the plain- 
country near the coast. I ascended some of them, hut will 
describe only one, namely, Red Hill, which may .serve as a 
type of its class, and is remarkal)le in some especial resj)ect.s. 
Its height is about GOO feet ; it is composed of bright red, 
higlily scoriaceous rock of a basaltic nature ; on one side of 
its summit there is a hollow, probably the last remnant of a 
crater. Several of the other hills of this class, judging from 
their external forms, are surmounted by much more jierfect 
craters. When sailing along the coa.st, it was evident that a 
considerable body of lava had flowed from lied Hill, over a 
line of cliff about 120 feet in height, into the sea: this line of 
cliff is continuous with that forming tHe coast, and bounding 
the j»lain on both .sides of this hill ; these streams, therefore, 
were erupted, after the formation of the coast-cliffs, from lied 
Hill, when it must have stood, as it now docs, above the 
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level of the sea. Thk conelusion accords with the highly 
scoriaceons condition of all the rock on it, appearing to be 
of snbaerial formation ; and this is important, as there are 
some beds of calcareous matter near its summit, which might, 
at a hasty glance, have beep mistaken for a submarine de> 
posit, llieee beds consist of white, earthy, carbonate of 
lime, extremely friable, so as to be crushed with the least 
pressure; the most cmnpact spedmens not resisting the 
strength of the fingers. Some of the masses are as white as 
quick'lime, and appear absolutely pure ; but on examining 
them with a lens, minute particles of scoriee can always be 
seen, and I could find none which, when dissolved in acids, 
did not leave a residue of this nature. It is, moreover, diffi- 
cult to find a particle of the lime which does not change 
colour under the blowpipe, most of them even becoming 
glazed. The scoriaceous fragments and the calcareous 
matter are associated in the most irregular manner, some- 
times in obscure beds, but more generally as a confused 
breccia, the lime in some parts and the sconce in others 
being most abundant. Sir H. De la Bechc has been so kind 
as to have some of the purest specimens analyzed, with a 
view to discover, considering their volcanic origin, whether 
they contained much magnesia; but only a small portion 
was found, such as is present in most limestones. 

Fragments of the scorice embedded in the calcareous mass, 
when broken, exhibit many of their cells lined and partly 
filled with a white, delicate, excessively fragile, moss-like, or 
rather conferva-like, reticulation of carbonate of lime. These 
fibres, examined under a lens of one-tenth of an inch focal 
distance, appear cylindrical ; they are rather above the toVjt 
of an inch in diameter; they are either simply branched, or 
more commonly united into an irregular mass of net-work, 
with the meshes of veiy unequal sizes and of unequal num- 
bers of sides. Some of the fibres are thickly covered with 
extremely minute spicula, occasionally aggregated into little 
tufts ; and hence they have a hairy appearance. These 
spicula are of the same diameter throughout their ^length; 
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they are easily detachedi so that the object •glass of the 
microscope sooa becomes scattered over with them. Within 
the cells of many fragments of the sconce, tlic lime exhibits 
this fibrous structure, but generally in a less [perfect degree. 
These cells do not appear to be ^connected with one another. 
There. can be no doubt, as will presently be shown, that the 
lime was erupted, mingled with the lava in its fliiW state ; 
and therefore I have thought it w^ortli while to describe 
minutely this curious fibrous structure, of which I know 
notliing analogous. From the earthy condition of the 
fibres, this structure does not appear to be related to crys- 
tallization. 

Other fragments of the scoriaceoiis rock from this hill, 
when broken, are oflen s€K*n markeil w ith short and irre- 
gular white streaks, which are owing to a row of separate 
cells being partly, or (juite, filled witli white calcarwus 
powder. This structure iniiaediately reintnded me of the ap- 
pearance in badly kneaded dough, of halls and drawn-out 
streaks of flour, which have remained unmix(‘d with the 
paste; and I cannot doiiht that small masses (»f the lime, 
in the same manner remaining iimnixed with tlu‘ tfiiid lava, 
have been drawn out, when the wliole was in motion. 
I carefully examined, by trituration and solution in acids, 
pieces of the scoria^ taken from within half-an-inch of those 
cells which were filled with the calcareous powder, and they 
(lid not contain an atom of free lime. It is obvious that the 
lava and lime have on a large scale been very imperfectly 
mingled ; and where small portions of the lime have been 
entangled within a ]»i(‘ce of tlie viscid lava, the cause of their 
now" occupying, in the fonn of a powder or of a fibrous reti- 
culation, the vesicular cavities, is, I think, evidently due to 
the confined gases liaving most readily expanded at ^the 
points, whore tlio irn^olierent lime nmdered the lava less 
adliesive. 

« A mile eastward of (he town of Praya, there is a steep-sided 
gorge, about 150 yards in width, cutting through the basaltic 
plain and uiiflerlying beds, but since filled up by a streatu of 
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more modem Iatr. This lava is dark gray, and in most 
parts compaot and rudely columnar; but at a little distance 
from the coast, it includes in an irregular manner, a brec* 
ciated mass of red scorite mingled with a considerable quan> 
tity of white, friable, and in some parts, nearly pure earthy 
lime, like that on the summit of Bed Hill. This lava, with 
its entahgled lime, has certainly flowed in the form of a 
regular stream ; and, judging from the shape of the gorge, 
towards which the drainage of the country (feeble though it 
now be) still is directed, and from the appearance of the bed 
of loose water-worn blocks with their interstices unfilled, 
like those in the bed of a torrent, on which the lava rests, 
we may conclude that the stream was of subaerial origin. I 
was unable to trace it to its source, but, from its direction, it 
seemed to have come from Signal Post Hill, distant one 
mile and a quarter, which, like Red Hill, has been a point of 
eruption subsequently to the elevation of the great basaltic 
plain. It accords with this view, that I found on Signal 
Post Hill, a mass of earthy, calcareous matter of the same 
nature, mingled with scoriae. I toay here observe that part of 
the calcareous matter forming the horizontal sedimentary 
bed, especially the finer matter with which the embedded 
fragments of rock are whitewashed, has probably been de- 
rived from similar volcanic eruptions, as well as from tritu- 
rated organic remains : the underlying, ancient, crystalline 
rocks, also, are associated with much carbonate of lime, 
filling amygdaloidal cavities, and forming irregular masses, 
the nature of which latter I was unable to understand. 

Considering the abundance of earthy lime near the sum- 
mit of Red Hill, a volcanic cone 600 feet in height, of sub- 
aerial growth,— considering the intimate manner in which 
minute particles and large masses of scorim are embedded in 
the masses of nearly pure lime, and on the other hand, the 
manner in which small kernels and streaks of the calcareous 
powder are included in solid pieces of the scoriae,— consider- 
ing, also, the similar occurrence of lime and scoriae wi thin a 
stream of lava, also supposed, with good reason, to have 
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iMtK of modem snbaerial oi^in, and to haye flowed from a 
Isdly where earthy lime also occurs: 1 think, eonindering 
these frets, tiiere can be no doubt that the lime has been 
erupted, mingled with the molten lays. 1 am n<rt aware 
that any similar raise has been described : it appears to me an 
intereedng one, ‘inasmuch as most geologist must hare spe- 
culated on the probable eflccts of a volcanic focus, 'bursting 
through deep-seated beds of different mineralogioal compo- 
sition. The great abundance of free silex in the trachytes of 
some countries (as deHcnl>ed by Bcudant in Hungary, and 
by P. Scrope in the Panza Islands), perhaps solves the en- 
quiry with respect to deep-seateil l>ed8 of quartz; and we 
probably here see it answered, where the volcanic action has 
invaded subjacent masses of limestone. One is naturally led 
to conjecture, in what state the now earthy carlwnatc of lime 
existed, when ejected with the intensely heated lava : from 
the extreme cellularity of the scoriae on Hed Hill, the pres- 
sure cannot have been great, and as most volcanic eruptions 
are accompanied by the emission of large quantities of steam 
and other gases, we here have the most favourable conditions, 
according to the views at present entertained by chemists, for 
tlie expulsion of the carbonic acid * Has the slow re-ab- 
sorption of this gas, it may be asked, given to the lime in the 
cells of the lava, that peculiar fibrous structure, like that of 
an efflorescing salt '{ Finally, I may remark on the great 
contrast in appearance l)etween this earthy lime, which must 
have been heated in a free atmosphere of steam and other 
gases, with the white, crystalline, calcareous spar, produced 

Whilst deep beneath the surface, the carbonate of lime was, I 
presume, in a fluid state. Hutton, it is known, thought that all amyg- 
daloids were produced by drops of molten limestone floating in the 
trap, like oil in water : this no doubt is erroneous, but if the matter 
forming the summit of Red Hill had been cooled under the pressure of 
a moderately deep sea, or within the walls of a dike, we should, in all 
probability, have had a trap rock associated with large masses of com- 
pact, crystalline, calcareous spar, which, according to the views enter- 
tained by many geologists, would have been wrongly attributed to sub- 
sequent mfiltration. 
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by a singlo tbin sheet of IrtA (as at Quail Island) rolling 
over similar eafthy lime and the debris of organic remains, 
at the bottom of a shallot sea. 

Signal Pott Hill . — ^This hill has already been several times 
mentioned) especially with reference to the remarkable 
manner in which the white calcareous stratum) in other parts 
so horifontal, (Wood-cut, No. 2.) dips under it into the sea. 
It has a broad summit, with obscure traces of a crateriform 
structure, and is composed of basaltic rocks,* some compact, 
others highly cellular, with inclined beds of loose scoriae, 
of which some are associated with earthy lime. like Red 
Hill it has been the source of eruptions, subsequently to the 
elevation of the surrounding basaltic plain ; but unlike that 
hill, it has undergone considerable denudation, and has been 
the seat of volcanic action at a remote period, when beneath 
the sea. I judge of this latter circumstance from finding on 
its inland fiank, the last remnants of three small points of 
eruption. These points are composed of glossy scorise, 
cemented by crystalline calcareous spar, exactly like the 
great submarine calcareous deposit, where the heated 
lava has rolled over it: their demolished l^te can, I 
think, be explained only by the denuding action of the 
waves of the sea. I was guided to the first orifice by ob- 
serving a sheet of lava, about 200 yards square, with steepish 
sides, superimposed on the basaltic plain, with no adjoining 
hillock, whence it could have been erupted; and the only 
trace of a crater which I was able to discover, consisted of 
some inclined beds of scorits at one of its emmers. At the 
distance of fifty yards from a second level-topped patch of 

• Of these, one common variety is remarkable for being full of small 
fragments of a dark jasper-red earthy mineral, which, when examined 
carefolly, shows au hr^stinct cleavage ; the llftle hsgmenta are elon- 
gated in form, are soft, are magnetic before and after being heated, and 
fiise with difficulty into a dull enamel, llus mineral is evidently closely 
related to the oxides of iron, but I cannot ascertain what it exactly is. 
The rock containing this mineral, is erenulated with small angular 
cavities, which are lined and filled with yelloWfsh crj'stals of carbonate 
of lime. 
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kTiy lnit of much smsUer size, I found an irregular circular 
grofiip of inaaaes of conented, seoriaccous breccia, about 
six feet in heiglft, which doubtless had once formed the point 
of eruption, The third orifice is now marked only by on 
irr^pdor circle of cemented scoriw, about four yards in 
diameter, and rising in its highest point scarcely three feet 
above the level of the plain, the surface of which, *01086 all 
round, exhibits its usual appearance : here we have a hori- 
zontal basal section of a volcanic spiracle, which, together 
with all its ejected matter, has been almost totally obliterated. 

The stream of lava, which fills the narrow gorge* east- 
ward of the town of Praya, judging from its course, seems, 
as before remarked, to have come from Signal Post Hill, 
and to have flowed over the plain, after its elevation ; the 
same observation applies to a stream, (}>o8sibly j>art of the 
same one,) capping the sea clifis, a little eastward of the 
gorge. When I endeavoured to follow these streams over 
the stony level plain, which is almost destitute of soil and 
vegetation, I was much surprised to find, that although 
composed of hard basaltic matter, and not having been 
exposed to marine denudation, all distinct traces of them soon 
became utterly lost. But I have since observed at tiie Gala- 
pagos Archipelago, that it is often impossible to follow even 
great deluges of quite recent lava across older streams, except 
by the size of the bushes growing on them, or by the com- 
parative states of glossiness of their surfaces, — characters 
which a short lapse of time would be suflicient quite to 
obscure. I may remark, that in a level country, with a dry 
climate, and with the wind blowing always in one direction, 
(as- at the Cape de Verde Archipelago,) the eflects of atmo- 
spheric degradation is probably much greater tlian would at 
first be expected ; for soil in this case accumulates only in 

* The sides of this gorge, where the uppbr basaltic stratum is Inter- 
sected, are almost perpendicular. The lava, which Hhs since filled it 
up, is attached to these sides, almost as firmly as a dike is to its walls. 
In most cases, where a stream of lava has flowed down a valley, It ia 
bounded on each side by loose seoriaceous masses. 
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a few proteetM holl(m8, and being blown in one direction, H is 
always tt^teUing' fowards the sea in the ibrtn of the finest 
dust, leatdpg the sur&oe of the rocks bare, wd exposed to 
the fill! efibots of renewed meteoric action. 

Inland hi!^ of more a»dMt vekimie hiUs are 

laid down by eye^tind marked as A, B, C, Ac., in the Wood- 
cut-map* ^ l!Wy are related in mineralc^eal composition, 
and are probably directly Cnritinnous with the lowek rocks 
exposed on the coast. 'Hiese hills, viewed from a distance, 
appear as if they had once formed part of an irr^ular table* 
land, and from their corresponding structure and compositmn 
this probably has been the case. They have flat,slightly inclined 
summits, and are, on an average, about 600 feet in height ; they 
present their steepest slope towards the interior of the island, 
from which point they radiate outwards, and are separated 
from each other by broad and deep valleys, through which 
the great streams * of lava, forming the coast>plains, have 
descended. Their inner and steeper escarpements are 
ranged in an irr^^lar curve, which rudely followb the line 
of the shore, two or three miles inland from it. I ascended 
a few of these hills, and firom others, which I was able to 
examine with a telescope, I obtained specimens, through 
the kindness of Mr. Kent, the assistant-surgeon of the 
Beagle, although by these means I Am acquainted with only 
a part of the range, five or six miles in length; yet I 
scarcely hesitate, from their uniform structure, to affirm, 
that they are parts' of one great formation, stretching round 
much of the circumference of the island. 

The upper and lower sfrata of these hills differ greatly in 
composition. The npper are bastdtic, generally compact, 
but sometimes scoriaceous and amygdaloidal, with associated 
masses of wacke : where the baStdt is ceilpact, it is either 
fine-grained or very coarsely crystallised ; in the btiter case 
it passes into an augitic rock, oonttining mmch oUviae; ffie 
olivine is either colourless, or of the usual yeUow and dul| 
reddish shades. On some of the ldlh> beds of efdcareons 
matter, both in an earthy and in a crystaltine form, including 

0 
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frttgmtotg of glossy seorisQ^ are assodatod with the basaiUe 
strata. These strata differ from the streams of basaltic lava 
forming the coast^plains, only in being more eomjmet^ and in 
the crysttds of augite, and in the grains of olivine la»ing of 
much greater site ; — characters which> together with the 
ap{)earauce of the associated calcareous beds, induce me to 
believe that tliey are of submarine formation. * 

Some considerable masses of waoke, w hich arc assoeiatoil 
with tlu^ basaltic strata, and which likewise oceur in the 
basal series on the coast, especially at Quail Island, are 
curious. Tliey eonsist of a pale yellowish-green argillacc^ous 
substance, of a oruialiling texture when dry, hut unctuous 
w hen moist : in its purest form, it is of a bt^autiful grt*en tint, 
with translucent edges, and oecasu)nally with obscure traces 
of an original cleavage, lender the blowpipe it fuses very 
retidily into a dark gray, and sometiiues evtii black beail, 
which is slightly niagnc*tic. From tliesi* chanicters, I na- 
tiinilly thought that it was one of the pah* H|K‘ci('s deeoni' 
jioschI, of the genus augite ; — a conclusion snp[K)rtetl by the 
unaltered rock being full of large separate crystals of black 
augite, and of balls and irregular streaks of dark gray 
aiigitic rock. As the basalt onlinarily consists of augit(*, 
ami of olivine often tarnished and of a dull retl eolour, I was 
led to examine the sniges of decomjKisition of this latter 
mineral, and 1 found, to uiy surprise, tliat I could trace 
a nearly perfect gradation from unaltered olivine to the 
green wacke. Part of the same grain under the blowjiipe 
woul<l in some instances behave like olivine, its colour being 
only slightly changes;!, and j)art w'ould give a black magnetic 
bead. Hence I can have no doubt that the greenmh wacke 
originally exist(*d as olivine; but great chemical changes 
must have been effected during the act of decomposition, 
thus to have altered a very liard, transparent, infusilile 

mineral, into a soft, unctuous, easily melted, arKillaceoiis 
wu]>stanco.* 


dc Gdognosie (tom. ii. p. 569 ), mentions, on 
e au nty of M. Marcel de Serres, masoes of green earth near Mont- 
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The basal strata of these hills, as well as some neighbour- 
ing, separate, bare, rounded hillocks, consist of compact, fine- 
grained, non -crystalline (or so slightly as scarcely to be 
perceptible,) ferruginous feldspathic rocks, and generally in 
a state of semi-decomposition* Their fracture is exceedingly 
irregular, and splintery ; yet small firagments are often veiy 
tough. Tliey contain much ferruginous matter, either in the 
form of minute grains with a metallic lustre, or of brown 
hair-like threads; the rock in this latter case assuming a 
pseudo-brecciated structure. These rocks sometimes contain 
mica and veins of agate. Their rusty brown or yellowish 
colour is partly due to the oxides of iron, but chiefly to 
innumerable, microscopically minute, black specks, which, 
when a fragment is heated, are easily fused, and evidently 
are either hornblende or augite. These rocks, therefore, 
although at first appearing like baked clay or some altered 
sedimentary deposit, contain all the essential ingredients of 
trachyte; from which they differ only in not being harsh, 
and in not containing crystals of glassy feldspar. As is so 
often the. case with trachytic formation, no stratification 
is here apparent. A person would not readily believe 
tliat these rocks could have flowed as lava; yet at St. 
Helena there are well characterized streams (as will be 
described in an ensuing chapter) of nearly simililr com- 
position. Amidst the hillocks composed of these rocks, 
I found in three places, smooth conical hills of phonolite, 

p^llier, which are supposed to be due to the decomposition of olivine. 

I do not, however, find, that the action of this mineral under the blow- 
pipe being entirely altered, as it becomes decomposed, has been 
noticed ; and the knowledge of this fact is important, as at first it ap- 
pears highly improbable, that a hard, transparent, refractory mineral 
should be changed into a soft, easily-fusad, clay, like this of St. Jago. 

I shall hereafter describe a green substance, forming threads within the 
cells of some vesicular basaltic rocks in Van Diemen’s Land, which be- 
have under the blowpipe like the green wacke of St. Jago; but its, 
occurrence in cylindrical threads, shows it can not have resulted 
from the decomposition of olivine, a mineral always existing in the 
form of grains or crystals. • 

c 2 
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tlmndbg with flue crystals of gla^y feldspar, and with 
needles of hornblende. These cones of phonolite, I believe, 
hear the same relation to the surrounding feldspatliie strata, 
which some masses of coarsely crystallized augitie nx^k, in 
another part of the island, bear to the surrounding basalt, 
namely, that both have been injected. Tine rocks of a 
feldspathic nature being anterior in origin to the basaltic 
strata, which cap them, as well as to the basaltic streams of 
the coast-plains, accords with the usual order of succession 
of these two grand divisions of the volcanic series. 

The strata of most of these hills in tlie upfxr part, where 
alone the planes of division are distinguishable, are inclined 
at a small angle from the interior of the island towards the 
sea-coast. The inclination is not the same in each hill ; in 
that marked A it is less than in B, D, or E ; in C the strata 
are scarcely deflected from a horizontal plane, and in F (as 
far as I could judge without ascending it) they are slightly 
inclined in a reverse direction, that is, inwards and towards 
the centre of the island. Notwithstanding these diflr(?rences 
of inclination, their correspondence in external form, and in 
the composition both of their upper and lower parts, — their 
relative position in one curved line, with their steepest sides 
tiinied inwards, — all seem to show that they originally 
formed ^arts of one platform; which platform, as Ijefore 
remarked, probably extended round a considerable portion 
of the circumference of the island. The upjx?r strata cer- 
tainly flowed as lava, and probably beneath the sea, as per- 
haps did the lower feldspathic masses : how then come 
these strata to hold their present position, and whence were 
they erupted ? 

In the centre of the island there are lofty mountains, 

• I saw very little of the inland parts of the island. Near the village 
of St. Domingo, there are magnificent cliflfe of rather coarsely crystal- 
lized basaltic lava. Following the little stream in this valley, about a 
^ilc above the village, the base of the great cliff was formed of a com- 
pact fine-grained basalt, conformably covered by a bed of pebbles. 
Near Fyentes, 1 met with pap-formed hills of the compact feldspathic 
series of rocks. 
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bat they are separated from the steep inland flanks of these 
hills, by a wide space of lower country : the interior mountains, 
moreover, seem to have been the source of those great 
streams of basaltic lava, which, contracting as they pass be- 
tween the bases of the hills in question, expand into the 
coast-plains. Bound the shores of St. Helena there is a 
rudely-formed ring of basaltic rocks, and at Manritias there 
are remnants of another such a ring round part, if not round 
the whole, of the island ; here again the same question im- 
mediately occurs, how come these masses to hold their pre- 
sent position, and whence were they erupted? The same 
answer, whatever it may be, probably applies in these three 
cases; and in a future chapter we shall recur to this 
subject. 

Valleys near the coast . — ^These are broad, very flat, and 
generally bounded by low cliflF-formed sides. Portions of 
the basaltic plain are sometimes nearly, or quite, isolated 
by them; of which fact, the space on which the town of 
Praya stands, offers an instance. The great valley west of 
the town has its bottom filled up to a depth of more than 
twenty feet by well-rounded pebbles, which in some parts 
are firAly cemented together by white calcareous matter. 
There can be no doubt, from the form of these valleys, that 
they were scooped out by the waves of the sea, during that 
equable elevation of the land, of which the horizontal cal- 
careous deposit, with its existing species of marine remains, 
gives evidence. Considering how well shells have been pre- 
served in this stratum, it is singular that I could not find even 
a single small fragment of shell in the conglomerate at the 
bottom of the valleys. The bed of pebbles in the valley west 
of the town, is intersected by a second valley joining it as a 
tributary, but even this valley appears much too wide and 
flat-bottomed to have been formed by the small quantity of 
water, which falls only daring one short wet season ; for at 
other times of the year, these valleys are absolutely dry. 

Recent conglomerate . — On the shores of Quail Island, I 
found fragments of brick, bolts of iron, pebbles, and large 
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^Hgioents of basalt, tmited by a scanty base of impure col* 
eareous master into a finu conglomerate. To show bow 
exceedingly firm this recent conglomerate is, I may mention, 
that 1 endeavoured with a heavy geological hammer to 
knock out a thick bolt of iron, which was embedded a little 
above low-water mark, but was quite unable to succeed. 
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CHAPTER II. 

FkrnandoNoronha — Precipitoui hill ofphonoliU , — ^Terceira — Ttaehf'- 
tic rocks; their singular decomposition by steam of high temperature . — 
Tahiti — Passage from wacke into trap ; singular volcanic rock with 
the vesicles half filed with mesotype . — Mauritius — Proofs of its recent 
elevation — Structure of its more ancient mountains ; similarity with St. 
Jago , — St. Paul's Hocks — Not of volcanic origin — their singular 
mineralogical composition. 

Fernando Noronha . — During our short visit at this and 
the four following islands, I observed very little worthy of 
description. Fernando Noronha is situated in the Atlantic 
Ocean, in Lat. 3® 50' 8., and 230 miles distant from the coast 
of South America. It consists of several islets, together 
nine miles in length by three in breadth. The whole seems 
to be of volcanic origin ; although there is no appearance of 
any crater, or of any one central eminence. The most 
remarkable feature is a hill 1000 feet high, of which the 
upper 400 feet consist of a precipitous, singularly-shaped 
pinnacle, formed of columnar phonolite, containing numerous 
crystals of glassy feldspar, and a few needles of hornblende. 
From the highest accessible point of this hiU, I could distin- 
guish in different parts of the group several other conical 
hills, apparently of the same nature. At St. Helena there 
are similar, great, conical, protuberant masses of phonolite, 
nearly 1000 feet in height, which have been formed by the 
injection of fluid feldspathic lava into yielding strata. If 
this hill has had, as is probable, a similar origin, denudation 
has been here effected on an enormous scale. Near the* 
base of this hill, I observed beds of white tuff, intersected 
by numerous dikes, some of amygdaloidal basalt and*others 
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i^tnehyte; and b«ds of slaty phonolite with the planes 
of cleavage directed N. W. and 8. E. Parte of tide rock, 
where the crystals were scanty, closely resembled cotnioon 
olay>alate, altered by the contact of a trapnlike. The lami* 
nation of rocks, which undoubtedly have once been fluid, ap> 
pears to me a subject well deserving attention. On t^ 
beach there were numerous fragments of compact basalt, 
of which rock, a distant facade of columns seemed to be 
formed. 

Terceira in the Azores . — The central parts of this island 
consist of irregularly rounded mountains of no great eleva- 
tion, composed of trachyte, which closely resembles in 
general character the trachyte of Ascension, prcs<‘ntly to be 
described. This formation is in many parts overlaid, in the 
usual order of superposition, by streams of basaltic lava, 
which near the coast compose nearly the whole surface. The 
course which these streams have followed from their craters, 
can often be followed by the eye. The town of Angra is 
overlooked by a craterifonn hill, (Mount Brazil) entirely 
btiilt of thin strata of fine-graiiud, harsh, brown-colon retl 
tuff. Tlie upjter lads are seen to overlap the basaltic 
streams, on which the town stands. This hill is almost iden- 
tical in structure and composition with numerous crater- 
formed hills in the Galapagos Archipelago. 

Effects of steam on the trachytic rocks . — In the central part 
of the island there is a spot, where steam is constantly issu- 
ing in jets from tlie bottom of a small ravine-like hollow, 
which has no exit, and which abuts against a range of 
trachytic mountains. The steam is emitted from several 
irregular fissures : it is scentless, soon blackens iron, and is 
of much too high a temperature to be endured by the hand. 
The manner in which the solid trachyte is changed on the 
borders of these orifices is curious first, the base becomes 
earthy, with red freckles evidently due to the oxidation of 
particles of iron ; then it becomes soft ; and lastly, even the 
crystals of glassy feldspar yield to the dissolving agent. 
After the mass is converted into clay, the oxide of iron seems 
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to be entirely removed from wme parts, which are left per- 
fectly white, whilst in other neighbouring parts, which are of 
the brightest red colour, it seems to be deposited in greater 
quantity ; some other masses are marbled with the two dis- 
tinct colours, Portions of the white clay, now that they are 
dry, cannot be distinguished by the eye from the finest pre- 
pared cbialk; and when placed between the teeth they feel 
equally soft-grained; the inhabitants use this substance for 
white- washing their houses. The cause of the iron being dis- 
solved in one part, and close by, being again deposited, is 
obscure; but the fact has been observed in several other 
places.* In some half-decayed specimens, I found small, 
globular, aggregations of yellow hyalite, resembling gum- 
arabic, which no doubt had been deposited by the steam. 

As there is no escape for the rain-wEter, which trickles 
down the sides of the ravine-like hollow, whence the steam 
issues, it must all percolate downwards through the fissures 
at its bottom. Some of the inhabitants informed me, that it 
was on record that flames (some luminous appearance ?) had 
originally proceeded from these cracks, and that the flames 
had been succeeded by the steam; but I was not able to 
ascertain how long this was ago, or anything certain on the 
subject. When viewing the spot, I imagined that the injec- 
tion of a large mass of rock, like the cone of phonolite at 
Fernando Noronha, in a semi-fluid state, by arching the 
surface might have caused a wedge-shaped hollow with 
cracks at the bottom, and that the rain-water percolating to 
the neighbourhood of the heated mass, would during many 
succeeding years be driven back in the form of steam. 

Tahiti { Otaheite ). — I visited only a part of the north- 
western side of this island, and this part is entirely composed 

* Spallanzani, Dolomieu and Hoffman have described similar cases in 
the Italian volcanic islands. Dolomieu says the iron at the Fanza 
Islands is redeposited in the form of veins (p. 86, Mdmoire sur les Isles 
Ponces). These authors likewise believe that the steam deposits 8iU&: 
it is now experimentally known, that vapour of a high tempendure is 
able to dissolve silica. 
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of rock#. Near the coo»t there are varieties 

of basalt^ some aboundbig with large cryatala of aogtte and 
tambdied olivine^ others compact and earthy ,~eome slightly 
Tesicnlar* and other# oceaaionally amygdaloidal. These 
rocks are generally much decompo^, and to my surprise, 1 
found in several sections, that it was impossible to distinguish, 
even approximately, the line of separation betwfSen the 
decayed lava and the alternating beds of tnff. Since the 
specimens have become dry, it is rather more easy to distin*- 
gnish the decomposed igneous rocks, from the sedimentary 
tutifs. This gradation in character between rocks having 
such widely different origins, may I think be explained by 
the yielding under prt^sure of the softened sides of tlic vesi- 
cular cavities, which in many volcanic rocks occupy a largo 
proportion of their bulk. As the vesicles generally increase 
in size and number in the upper parts of a stream of 
lava, 80 would the eSeerts of their compreHsion increase ; the 
yielding, moreover, of each lower vesicle must tend to disturb 
all the softomxl matter above it. Hence we might expect to 
trace a jH^rfect gradation from an unaltered crystalljne rock 
to one in wliieh all the particles (although originally forming 
part of the same solid mass) had undergone mechanical dis- 
placement; and such particles could hardly 1 k^ distinguislifsl 
from otliers of similar composition, which had been de[>osited 
as sediment. As lavas are sometimes laminated in their 
iijjper parts, even horizontal lines, appearing like those of 
acpieous deposition, could not in all cases be reliefl on as a 
criterion of sedimentary origin. From these considerations 
it is not surprisiiig, that fonnerly many geologists believed in 
real transitions from a(jueous deposits, through wacke, into 
igneous traps. 

In the valley of Tia-auru, the commonest rocks are basalts 
with much olivine, and in some cusc>{» almost composed of 
large crystals of augite, I picked u[) some specimens, with 
imich glassy feldspar, approaching in character to trachyte. 
Ihere were also many large blocks of vesicular basalt, with 
the cavities beautifully lined with chabosie (?), and I'tuliating 
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bundles of mesotj^. > Some of diese specimens presented a 
curious appearance, owing to a number of the resides being 
half filled up with a white, soft, earthy mesotypic mineral, 
which intumesced under the blow>pipe in a remarkable man- 
ner. As the upper surfaces in all the half-filled cells arc 
exactly j^allel, it is erident, that this substance has sunk to 
the botfom of each cell from its weight. Sometimes, however, 
it entirely fills the cells. Other cells are either quite filled, 
or lined, with small crystals, apparently of chabasie ; these 
crystals, also, frequently line the upper half of the cells 
partly filled with the earthy mineral, as well as the upper 
surface of this substance itself, in which case the two minerab 
appear to blend into each other. I hare never seen any 
other amygdaloid • with the cells half filled in the manner 
licre described ; and it is difficult to imagine the causes 
which determined the earthy mineral to sink from its gravity 
to the bottoms of the cells, and the crystalline mineral to 
adhere in a coating of equal thickness round the sides of 
the cells. 

The basaltic strata on the sides of the vall^, are gently 
inclined seaward, and I nowhere observed any sign of dis- 
turbance ; the strata are separated from each other by thick, 
compact beds of conglomerate, in which the fragments are 
large, some being rounded, but most angular. From the 
character of these beds, from the compact and crystalline 
condition of most of the lavas, and from the nature of the 
infiltrated minerals, I was led to conjecture that they had 
originally flowed beneath the sea. This conclusion agrees 
with the fact, that the Rev. W. Fills found marine remains 
at a consideraUle height, which he believes were interstratified 
with volcanic mattei', as is likewise described to be the case 
by Messrs. Tyenuan and Bemiett at Huaheine, an island in 

* MacCulloch, however, has described and given a plate of (Geolog. 
Trans. 1st Series, vol. iv. p. 225) a trap rock, with cavities filled yp 
horizontally with quartz and chalcedony. The upper halves of these cavi- 
ties are often filled by layers, which follow each irregularity of the sur- 
fhee, and by little depending stalactites of the same aliceous ^bstanccs. 
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t^fai satte archipelago. Mr. Stutchlmiry alao ^aeovered near 
the sQJttinit of one of the loftieat luountaiiui of Tahidf at the 
hdght of several thousand feet, a stratum of semi'fosdl eoral. 
None of these renuuns have been speciBoally examined. On 
the coast, vrhcre masses of coraUrock would have aflbrdcd 
the clearest evidence, 1 looked in vain for any signs of recent 
elevation. For references to the above authorities, *and for 
more detailed reasons for not believing that Tahiti has been 
recently elevated, I must refer to my volume (p. 138) on the 
Structure and Distribution of Coral Reefs. 

Mauritius . — Approaching this bland on the northern or 
north-western side, a curvetl chain of bold mountains, sur- 
mounted by rugged piunacles, b seen to rise from a smooth 
border of cultivated land, which gently slopes down to the 
coast. At the first glance, one b temptetl to believe that the 
sea lately reached the base of these mountains, and upon 
examination this view, at least with respect to the inferior 
parts of the border, is found to be perfectly correct. Several 
authors* have described masses of upraised coral-rot;k round 
the greater part of the circninfercnce of the island. Ht*tween 
Tamarin Bay and the Great Black River, I observed, in com- 
pany with Capt. Lloyd, two hillocks of coral-ruck, funned in 
their lower part of hard calcareous sandstone, and in their upjter 
of great blocks, slightly aggregated, of Astraja and Madre[K>ra, 
and of fragments ofba.sult; they were divided into beds dipping 
seaward, in one case at an angle of 8®, and in the other at 
18”; they had a water- worn appearance, and they rose 
abruptly from a smooth surface, strewed with rolled debris of 
organic remains, to a height of about twenty feet. The 
Officier du Roi, in hb most interesting tour In 1768 round 
the island, has described masses of upraised coral-rocks, still 

• Captain Carmichael, in Hooker’s Bot. Misc. vol. ii. p. 301 . Cap- 
tain Lloyd has lately, in the Proceedings of the Geological Society 
(Xol. iii. p. 317), described carefully some of these masses. In the 
“ Voyage k Vhle de France par un Officier du Itoi," many inUresting 
facts are given on this subject. Consult also '* Voyage aux Quatre Isles 
d’Afrique,' par M. Bory St. Vincent.” 
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retaining that tnoat-lifce structure (p. 64 of my volume on 
Coral-Reeis) li'hich is characteristic of the living reefs. On 
the coast northward of Port Louis, I found the lava con- 
cealed for a considerable space inland, by a conglomerate of 
corals and shells, like those on the beach, but in parts con- 
solidated by red ferruginous matter. M. Bory St. Vincent has 
described similar calcareous beds over nearly the whole of 
the plain of Pamplemousses. Near Port Louis, when turning 
over some large stones, which lay in the bed of a stream at 
the head of a protect^ creek, and at the height of some 
yards above the level of spring-tides, I found several shells 
of serpula still adhering to their under sides. 

The jagged mountains near Port Louis rise to a height 
of between 2000 and 3000 feet : they consist of strata of 
basalt, obscurely separated from each other by firmly aggre- 
gated beds of fragmentary matter ; and they are intersected 
by a few vertical dikes. The basalt in some parts abounds 
with large crystals of augite and olivine, and is generally 
compact. The interior of the island forms a plain, raised 
probably about a thousand feet above the level of the sea, 
and composed of streams of lava which have flowed round 
and between the rugged basaltic mountains. These more 
recent lavas are also basaltic, but less compact, and some of 
them abound with feldspar, so that they even fuse into a 
pale coloured glass. On the banks of the Great River, a 
section is exposed nearly 500 feet deep, worn through 
numerous thin sheets of the lava of this series, which are 
separated from each other by beds of scoriee. They seem to 
have been of subaerial formation, and to have flowed from 
several poin^ of eruption on the central platform, of which 
the Piton du Milieu is said to be the principal one. There are 
also several volcanic cones, apparently of this modem period, 
round the circumference of the island, especially at the 
northern end, where they form separate islets. 

The mountains composed of the morecoiUpact and crystal- 
line basalt, form the mun skeleton of the island. M. Bailly* 
Voyage aux Terrea Aoatrales, tom. i. p. 54. 
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atetes ^that they all “so devciojmieiit Mtmt d*6lle ctomate 
me ceinture d* immense^ rempati^^ lontea afJMawt nne |i0hte 
pitta ou moitts niclini^e vera le rivaji^e de la i»er» taiidia att 
cotttmire^ que ver» le centre de Tile ellea pr^arotent nnc 
coupe abrapte, et aouveiit taillec ^ pic. Touted cea moiitag^nea 
aont fonii^es de conches parallMes iiudinies du centre de 
File vers la merl*' Thc»se stateittents have been cfisputcfl, 
though not in detail, by M. Q«oy,in the voyage of Preyeiuet. 
As fer as my limited means of obsen^ation went, I found 
them }>erfectly correct.* The iiionntainH on the N.W. side of 
the island, which I examined, namely, I-4\ Ponce, Peter 
Botts, Corps de Garde, Ia^ Mamelles, ami appanmtly 
another further soutliward, have pnH'iscdy the external sliape 
and stratification (lescril>ed l)v M. Badly. Tlu^y form about 
a quarter of his ginlle of ramparts. Although these monn* 
tains now stand quite detached, being scqmrated from eacli 
other by breaches, even several miles in wi<lth, through 
whicli deluges of lava have flowed from tlie interior of flu* 
island; nevertlieless, st^eing their close general similarity, 
one must feel convinced that they originally fornuM^ parts of 
one continuous mass. Judging from the beautiful map of 
the Mauritius, published by the Admiralty from a French 
MS., there is a range of mountains (M. Bamhoo) on the 
opposite side of the island, which correspond in height, 
ndative position, and external fonii with those just deserilnxl. 
Whether the girdle was ever complete may well be doubted; 
but from M. Bailly’s statements, and my own observations, 
it may be safely concluded that mountains with precipitous 
inland flanks, and com posed of strata dipping outwards, once 
extended round a consi<lerable portion of the circumference 
of the island. The ring appears to have been oval and of 
vast size ; its shorter axis, measured across from the inner 
sides of the mountains near Port JiOuis and those near 
Grand Port, being no less than thirteeen geographical miles 
in length. M. Bailly boldly 8up|K>ses that this enormous 

* M. Lesson, in his account of this island, in the voyage of the Co- 
quille, sc^nis to follow M. Bailly views. 
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giilf, which has since been dlled up to a great extent by 
streams of modern lava, was formed by the sinking in of the 
whole ui>per part of one great volcano. 

It is singular in how many respects those portions of St. 
Jago and of Mauritius which I visited, agree in their geolo- 
gical history. At both islands, mountains of similar external 
form, stVatification, and (at least in their upper beds) compo- 
sition, follow in a curved chain the coast-line. These moun- 
tains in each case appear originally to have formed parts of 
one continuous mass. The basaltic strata of which they are 
composed, from their compact and crystalline structure, 
seem, when contrasted with the neighbouring basaltic 
streams of subaerial formation, to have flowed beneath the 
j)res8ure of the sea, and to have been subsequently elevated. 
We may suppose that the wide breaches between the moun- 
tains, were in both cases worn by the waves, during their gra- 
dual elevation, — of which process, within recent times, there is 
abundant evidence on the coast-land of both islands. At both, 
vast streams of more recent basaltic lavas have flowed from 
the interior of the island, round and between the ancient 
basaltic hills; at both, moreover, recent cones of eruption 
are scattered around the circumference of the island ; but at 
neither have eruptions taken place within the period of 
history. As remarked in the last chapter, it is probable that 
these ancient basaltic mountains, which resemble (at least in 
many respects) the basal and disturbed remnants of two 
gigantic volcanos, owe their present form, structure, and 
position, to the action of similar causes. 

St. Paul's Hocks . — This small island is situated in the 
Atlantic Ocean, nearly one degree north of the equator, and 
540 miles distant from South America, in 29® 16' west lon- 
gitude. Its highest point is scarcely fifty feet above the level 
of the sea ; its outline is irregular, and its entire circumfer- 
ence barely three-quarters of a mile. Tliis little point 
of rock rises abrupdy out of the ocean; and except on 
its western side, soundings were not obtained, even at the 
short distance of a quarter of a mile from its shores It is 
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not Tolcanio origin; and thia circumstance, whieli is the 
moat remarlmble point in its history <as will hereafter be 
referred to), properly ought to exclude it from the present 
volume. It is composed of rocks, unlike any which 1 have 
met with, and which I cannot characterize by any name, and 
most therefore describe. 

The simplest, and one of the most abundant l&ids, b 
a very compact, heav)*, greentsh-ldack rock, having an 
angular, irregular fracture, with some points just ^rd 
enough to scratch glass, and infusible. This variety passes 
into others of juiler green tints, less hard, Imt with a more 
crystalline fracture, and translucent on their Oilges; and 
these are fusible into a gn^en enamel. Several other vari- 
eties are chiefly characterized, by containing innumerable 
threads of dark-green serpentine, and by having calcareous 
matter in their interstices. Tliese rocks have an obscure, con- 
cretionary structure, and arc full of vnriou.sly-coloured angular 
pseudo fragments. These angular pseudo fragments consist 
of the first-described dark green rock, of a brown softer kind, 
of serpentine, and of a yelh>wish harsh stone, whieh, perhaj)s, 
is related to serpentine rock. There an? other vesicular, 
calcareo-ferruginous, soft stones. There is no <listinct 
stratification, but parts are imperfectly laminated ; and the 
whole abounds with innumerable veins, and veiji-like masses, 
both small and large. Of these vein-like nms.ses, some cal- 
careous ones, which contain minute fragments of shells, are 
clearly of subsequent origin to the otliers. 

A glossy incrustation.— Extensive portions of these rocks 
are coated by a layer of a glossy polished substance, w’ith a 
pearly lustre and of a grayish white colour ; it follows all 
the inequalities of the surface, to which it is firmly attached. 
When examined with a lens, it is found to consist of numer- 
ous exceedingly thin layers, their aggregate thickness being 
about the tenth of an inch. It is considerably harder than 
Calcareous spar, hut can he scratched with a knife ; under 
the blow-pipe it scales off, decrepitates, slightly blackens, 
emits a* fetid odour, and becomes strongly alkalhie : it does 
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not effervesce in acids.^ I presume this substance has been 
deposited by water, draining from the birds' dung, with which 
the rocks are covered. At Ascension, near a cavity in the 
rocks, wliich was filled with a laminated mass of infiltrated 
birds* dung, I found some irregularly-formed, stalactitical 
masses of apparently the same nature. These masses when 
broken, liad an earthy texture, but on their outsides, and 
especially at their extremities, they were formed of a pearly 
substance, generally in little globules, like the enamel of 
teeth, but more translucent, and so hard as just to scratch 
plate-glass. This substance slightly blackens under the 
l)low'-pipe, emits a bad smell, then becomes quite white, 
swelling a little, and fuses into a dull white enamel ; it does 
not become alkaline ; nor does it effervesce in acids. The 
whole mass had a collapsed appearance, as if in the forma- 
tion of the hard glossy crust, the whole had shrunk much. 
At the Abrolhos Islands on the coast of Brazil, where also 
there is much birds* dung, I found a great quantity of a 
brown, arborescent substance adhering to some trap-rock. 
In its arhoresent form, this substance singularly resembles 
some of the branched species of Nidlipora. Under the 
hlow-pijie, it behaves like the specimens from Ascension ; but 
it is less hard and glossy, and the surface has not the shrunk 
apj)earance. 

♦ In my Journal I have described this substance; I then believed 
that it was an impure phosphate of lime. 
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CHAPTER III. 

JVSCE.VSIOS. 

Basalttc laraf — Numeroun ernterg tnaicaUd on the mu me guie — Singular 
structure of^volcanie bombs— Aeriform ejphK^iofiM — Ejected }j^runitic frag^ 
menu — Trachi/tic nKAs-^Sinoutur vans — Jasper, its manner of forma- 
tion — Concretions i/i pumtceous tujf' — CalcnreoHs deposiis and froudes- 
rent incrustations on (he coast — Bemarkahte laminoti‘d beds, alternating 
vrith, and passing into obstUiaii — Origin of (fb\u(iun — Lumination of 
Yoicanie rocks. 

This island is situated in tlie Atlantic ocean, in lat. S. 
long. 14^ W, It has the fonn of an irn^^ular trian^xle, (se<‘ 
aeconipanyinj' nmpA ^hle lK‘in^ about six miles in 

length. Its hightst point is 2,H7() feet^ above the h‘\el ot‘ 
the sea. The whole is volcanic, and, from tlu* ahsemv* of 
proofs to the contrary, I la lieve of suhaihial migin. Tin* 
fundamental rock is everywhere of a pale colour, generally 
compact, and of a fehUpathic nature. In theS.E. jiortion 
of the island, where the highest land is situate<J, wc'll charac- 
terized trachyte, and other eongenerous rocks of that varying 
family, occur. Nearly the entire eireuinference is covered up 
by black and rugged stn^ams of basaltic' lava, with here and 
there a hill or single point of rock (one of which near the 
sea-coast, north of the bort, is only two or three yards across) 
of the trachyte still remaining exjiosed. 

Basaltic rocks. — Flu^ overlying basaltic lava is in some 
])arts extrcunely vesicular, in otheVs litth' so; it is of a 
Jilack colour, fuit sonietiiiies contains crystals of glassy 
feldspar, and sc'ldom much olivine. These streanis appear 

* om'apliicMl Journal, p, 243 . 
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to liave pos.sessed singularly little fluidity ; their side walls 
and lower ends being very steep, and even as much as between 
twenty and thirty feet in height. Their surface is extra- 
ordinarily rugged, and from a short distance appears as if 
studded with small craters. These projections consist of 
broad, irregularly conical, hillocks, traversc*d by fissures, 
and composed of the same unequally scoriaccous ba.salt 
with the surrounding streams, but ha\ung an obscure ten^ 
dency to a columnar structure ; they rise to a height between 
ten and thirty feet above the general surface, and have been 
formed, as I presume, by the heaping up of the viscid lava 
at points of greater resistance. At the base of several of 
these hillocks, and occasionally likewise on more level parts, 
solid ribs, composed of angulo-globular masses of basalt, 
n'sembling in size and outline arched sewers or gutters of 
brickwork, ))ut not being hollow, project between two or 
three feet above the surface of the streams ; what their 
origin may have been, I do not know. Many of the super- 
ficial fragments from these basaltic streams, present singu- 
larly convoluted forms; and some specimens could hardly 
be distinguished from logs of dark-coloured wood without 
tbeir bark. 

IVIany of the basaltic streams can be traced, either to 
])oints of eruption at the base of the great central mass of 
trachyte, or to sejiarate, conical, red-coloured hills, which 
are scattered over the northern and western borders of the 
island. Standing on the central eminence, I counted 
l)etw(Hui twenty and thirty of these cones of eruption. The 
greater number of them had their truncated summits cut off 
ebli([uely, and they all sloped towwds the S.E., whence the 
trade- wind blows.* This structure no doubt has been 
caus(‘d, })y the ejected fragments and ashes being always 
blown, during eruptions^ in greater quantity tow^ards one 

* M. Lcvsson, in the Zoology of the Voyage of the Coquille (p. 400), 
has observoil this fact. Mr. licnnah (Geolog. Proceedings, 1835, p. 189) 
further ronuirks, that the niost extensive beds of ashes at Ascension 
invariably occur on the Iccw’ard side of the island. 

D 2 
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than towards the other, M. Moreau de Jonnt^s has 
made a similar observation with resjHvl to the volcanic ori- 
fices in the West Indian islands. 

Volcanic These occur in great nunilK'rs strew ed on 

the ground, and some of them lie at eonsidenible distauct‘H 
from any points of eruption. They vary in si/e froip that of 
an apple, to that of a inan^s body ; they are either spherical 
or pear-shaped, or with the hinder part (eorn?sponding to 
the tail of a comet), irregular, studd(‘d with projecting 
points, and even concave. Their surfaces are rough and 
fissured with branching cracks : their internal structure is 
either irregularly scoriaceons and conipact, or it presents a 
symmetrical and very curious apptarauce. An irregular 

se<^ment of a bomb, of this latter kind, of which I fimnd 
c 

several, is accurately repre^enu J in the accompanying 
woodcut. Its size was aliout that of a man’s head. 



Pratcnif fit i.f a voJrrinu- Ixmib, with tho itUf-rior }.urtii r»>an» ly ct-llutw, t'oftKNl h> « 

foncentric layer of compact lava, anU this agoiit by a cruU of finely cOlolar rock. 


‘The whole interior i.s coarsely cellular; the cells averaging 
in diameter about the tenth of an inch ; hut nearer the outside 
they gradually decrease in size. This part is succeeded by a 



VOLCANIC BOMBB. 


37 


well-defined shell of compact lava, having a nearly uniform 
thickness of about the tJiird of an inch ; and the shell is 
overlaid by a somewhat thicker coating of finely cellular 
lava (the cells varying from the fiftieth to the hundredth of 
an inch in diameter), which forms the external surface : the 
line separating tlie shell of compact lava from the outer 
scoriaceous crust is distinctly defined. This structure is 
very simply explained, if we suppose a mass of viscid, scori- 
aceous matter, to be projected with a rapid, rotatory motion 
through the air ; for wliilst the external crust, from cooling, 
became solidified (in the state we now see it), the centri- 
fugal force, by relieving the pressure in the interior parts of 
the bomb, would allow the heated vapours to expand their 
cells ; but these being driven by the same force against the 
already-hardened crust, would V>eeome, the nearer they were 
to this part, smaller and smaller or less expanded, until 
they became packed into a solid, concentric shell. As we 
know that chips from a grindstone’*^ can be flirted off, when 
made to revolve with sufficient velocity, we need not doubt 
that the centrifugal force w^ould have power to modify the 
structure of a softened bomb, in the manner here supposed, 
(ieologists have remarked, that the external form of a bomb 
at once bespeaks the history of its aerial course, and we now 
see that the internal structure can speak, with almost equal 
plainness, of its rotatory movement, 

M. Bory St. Vincentf has described some balls of lava 
from the Isle of Bourbon, which have a closely similar 
structure; his explanation, however (if I understand it 
rightly), is very different from that which I have given ; for 
he supposes that they have rolled, like snow-balls, down the 
sides of the crater. M. Beudant,:j; also, has described some 
singular little balls of obsidian, never more than six or eight 
inches in diameter, which he found strewed on the surface of 
the ground : their form is always oval ; sometimes they are 

Nichofs Architecture of the Heavens. 

Voyage aux Quatre Isles d’Afrique, tom. i. p. 222. 

Voyage en Hongrie, tom. ii. p. 214. 
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mucK «WolWn in the middle, and even spiml!e-»itlmpi*d : their 
aurfkce ia regularly marktMl with eonetuiirie ridgi^ and fur- 
rows, all of which on the si\ine ball are at right unglcjii to 
one axis: their interior is eonipaet and glassy. M. Beiidant 
supposes that masses of lava, when soft, were shot into the 
air, with a rotatory inovement round the same axis, and that 
the form and superficial ridges of the bombs were* thus pro- 
ducetl. Sir Thomas Mitchell has given me what at first ap- 
pears to be the half of a much Hattt‘ned oval ball of obsidian ; 
it has a singidar artificial-like a]>pearance, w'hi<‘h i< well re- 
presented (of tlie natural size) in (he a<*compaiiying w tMwhujt. 




VolraiMC homl» of (j]>^klian fnuu A«tsfr;iha. Tli*' r •< <\ fri.m m« ; lUv lower « 

>i«‘w of the '.afui* o}»^« i f. 

It was found in its present >tat<‘, on a great sandv plain be- 
tween the riv(*rs Darling and Murray, in Australia, and at 
tlie distance of several linndrfMl mih*s from any known vol- 
canic n‘gion. If seems to have h<‘en (‘inlxMldiM) in some 
reddisli tufae(‘ons matt(‘r; and may have* hetui transport(Hl 
(‘itljer )>y tli*e aborigines or ])y natural means. Tin* (’xtermil 
sauc(*r consists of conipaet oh'^idian, of a hotth,'-gre<‘n ctdour, 
and is tilled with finely-celliilar black lava, much less trans- 
parent and glassy tkan the obsidian. The (‘xtcrnal surface 
is marked with four or not (piitf*, pfudect ri<lges, which 
are re])r(‘S(‘nted rather too distinctly In the w'oodcut. Here 
then we liave the (‘xternal strnetnre described by M. Ben- 
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dant, and tlie internal cellular condition of the bombs from 
Ascension. The lip of the saucer is slightly concave, exactly 
like the margin of a soup-plate, and its inner edge overlaps a 
little the central, cellular lava. This structure is so symme- 
trical round the entire circumference, that one is forced to 
suppose that the bomb burst during its rotatory course, be- 
fore being quite solidified, and that the lip and edges were 
thus slightly modified and turned inwards. It may be re- 
marked that the superficial ridges are in planes, at right 
angles to an axis, transverse to the longer axis of the flattened 
oval : to explain this circumstance, we may suppose that 
when the bomb burst, the axis of rotation changed. 

Aeriform explosions. — The flanks of Green Mountain and 
the surrounding country, are covered by a great mass, some 
hundred feet in thickness, of loose fragments. The lower 
b(‘ds generally consist of fine-grained, slightly consolidated 
tuffs,* and the upper beds of great loose fragments, with alter- 
nating finer beds.f One white ribbon-like layer of de- 
composed, pumiceous breccia, was curiously bent into deep 
unbroken curves, beneath each of the larger fragments in 
the superincumbent stratum. From the relative position of 
these beds, I presume that a narrow -mouthed crater, standing 
n<*arly in the position of Green Mountain, like a great air- 
gun, shot forth, before its final extinction, this vast accumu- 
hition of loose matter. Subsequently to this event, con- 

* Some of this peperino, or tuff, is sufficiently hard not to be broken 
by the greatest force of the fingers, 

t On the northern side of the Green Mountain a thin seam, about 
an inch in thickness, of compact oxide of iron extends over a con- 
siderable area; it lies conformably in the low^er part of the stratified 
mass of ashes and fragments. This substance is of a reddish-browm 
colour, with an almost metallic lustre ; it is not magnetic, but becomes 
so, after having been heated under the blow-pipe, by which it is black- 
ened and partly fused. This seam of compact stone, by intercepting 
the little rain-w^atcr which falls on the island, gives rise to a small 
dripping spring, first discovered by Dampier. It is the only fresh-watet* 
on the island, so that the possibility of its being inhabited, has entirely 
depended on the occurrence of this ferruginous layer. 
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sideraUe di»location« have taken place, and an oval circus 
\m been fonuetl by subsidence. This sunken space lies at 
the north-eastern foot of Green Mountain, and is well repre-^ 
aented in the accompanying map. Its longer axis, which 
is connected with a N. E. and S. W. line of fissure, is three- 
fifths of a nautical mile in length; its sides are nearly 
perpendicular, except in one sjmt, and about 400' feet in 
height ; they consist in the lower part, of a pale basalt with 
feldspar, and in the upper part, of the tufl* and l<x>se ejected 
fragments ; the bottom is smooth and level, and under almost 
any other climate, a deej> lake would have lu'cn formed h(*re. 
From the tliickuess <d* the bed of loose fragments, with 
>vhich the surrounding country is covtTed, tl»e amount of 
aeriform matter, necessary for their projectioJi, must have 
been enormous; henci* we may suppose^ it probable, that after 
the cxjdosions, vast subterram^aii caverns wer(‘ b'O, and that 
the falling in of the roof of one of tliese, produced the hollow 
here (lescribe<l. At the (ialapairos Archipt^lago, pits of a 
similar character, hut of a much smalhT ^ize, fnMjuently 
occur at the hu^es of small eoiu*s of eruption. 

Ejected granitic fragments. — In the neighbourhood of (»r(‘en 
Moimtain, fragments of extraneous rock are not nnfreqmuitly 
found embed(l<‘(l in the mid>t of masses of Keoria*. Lieut, 
Evans, to whose kindness 1 am in(l(d)te(l for much irdhrma- 
tlon, gave me several sp(‘(‘lmens, and I found oth(*rs myself. 
Tlu'v nearly all have a granitic stnu turc, are firitth?, harsh 
to the touch, and apparently of idtcrr*(i colours. Firsts a 
white syeidte, str('aked and mottled witli red ; it consists of 
well crystallized feldspar, uumeroiis grains of (piartz, and 
brilliant, though small, crystals of hornl)h‘nde. The feldspar 
and hornblende in this and the succeeding ease.s, have been 
determined by the reflecting goniometer, and the quartz by 
its action under the hlow-pipe. Tlu> feldspar in these ejected 
fragments, like tlie glassy kind in tlu? trachyte, is from its 
cleavage a potas}i-fehJs])ar. Secondly^ a brick-red moss of 
feldspar, quartz, and small dark patches of a decayed 
mineral; one minute particle of which, I was aide to ascer- 
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tain by its cleavage, to be hornblende. Thirdly^ a mass of 
confusedly crystallized white feldspar, with little nests of a 
dark coloured mineral, often carious, externally rounded, 
having a glossy fracture, but no distinct cleavage; from 
comparison with the second specimen, I have no doubt that 
it is fused hornblende. Fourthly^ a rock, which at first 
appears a simple aggregation of distinct and large-sized 
crystals of dusky-coloured Ijabrador feldspar but in their 
interstices there is some white granular feldspar, abundant 
scales of mica, a little altered hornblende, and, as I believe, 
no quartz. I have described these fragments in detail, 
because it is rare f to find granitic rocks ejected from vol- 
canos with their minerals unchanged^ as is the case wdth the 
first specimen, and partially with the second. One other 
large fragment, found in another spot, is deserv ing of notice ; 
it is a conglomerate, containing small fragments of granitic, 
cellular, and jaspery rocks, and of hornstonc porphyries, 
embedded in a base of w^acke, threaded by numerous, thin 

• Professor Miller has been so kind as to examine this mineral. He 
obtained two good cleavages of 86® SCf and 86° SCy. The mean of 
several, which I made, was 86° 30'. Prof. Miller states that these 
crystals, when reduced to a fine powder, are soluble in hydrochloric 
acid, leaving some undissolved silex behind j the addition of oxalate of 
ammonia gives a copious precipitate of lime. He further remarks, that 
according to Von Kobcll, anorthite (a mineral occurring in the ejected 
fragments at Mount Somna) is alw^ays w hite and transparent, so that if 
this be the case, these crystals from Ascension must be considered as 
Labrador feldspar. Prof. Miller adds, that he has seen an account, in 

Erdmann’s Journal fiir technische Chemie,” of a mineral ejected from 
a volcano, which had the external characters of Labrador feldspar, but 
differed in the analysis, from that given by mineralogists, of this mine- 
ral : the author attributed this difference to an error in the analysis of 
Labrador feldspar, which is very old. 

f Daubeny, in his work on Volcanos (p. 386), remarks that this is 
the case; and Humboldt, in his Personal Narrative (vol. i. p. 236), 
says, “ In general, the masses of known primitive rocks, I mean those 
which perfectly resemble our granites, gneiss, and mica-slate, arc 
very rare in lavas : the substances we generally denote by the name of 
granite, thrown out by Vesuvius, are mixtures of nepheline, mica, and 
pyroxene.” 
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layer* of a concretionary |iitchstf>iio ]m*«iing into o))«ikIiun. 
Thcae layer* tire |mrallel, slightly tortuous^ ami abort ; 
they thin out at their emls, ami resemble in fonii^ the layers 
of quartz in gneiss. It is probable ilvat these small etnlKHlclod 
fragments were not sejairatelv ejeete<lj)ut were entangled in 
a fluid volcanic rock, allieil to obsidian : am! we shall pre- 
sently see that several varit^ties of this latter series of rock 
assume a laminated structure. 

Trnchytic serif s of Ifarks, — Tlu'se occupy tlie mon* ele- 
vated and central, and likewise the soutli-eastern parts of tlu* 
island. Tlu' trachyti* is gcmTully of a |>aI<*-brown colour, 
stained with small darker ]»atch(‘s; it ( onraiiis broken and 
bent crystals of glassy feldspar, grains of spetndar iron, and 
black microscopical points, which lattt‘r, from b<‘ing (‘asily 
fused, and then hecuming inagneti<‘, 1 presume arc horn- 
hlemle. The gn^ater numher of the hills, ln)wevcr, arc 
composed of a quite* white*, friaidc stom*, appearing like 
a trachytic tuff. Obsidian, hornstom*, and scv(‘ral kinds of 
laminated felds])athic rocks, an* associated with the trjH'hvtt*. 
There is no (iistiiict strutiticatioi) ; nor coiilil 1 (li''iin^ni''li a 
craterif'onn stniotiirc in any of tlic hills of tlii> M rii -., ('on- 

sidt'riihle dislocations have takrn place; anrl many fisMires 
in these rocks are yet left ojien, or are only j)artially filled 
with loose frafiineiit'.. W ithin the spiiee,”^ mainly formed <if 
trachyte, some hasaltie stream^ have hurst forth ; and not 
far from the summit of Creen Mountain, there is one streuni 
of (jnite black, vesienlar hasdt, eontaiiiini^ minnfe crystals of 
glassy feldsjiar, which Itave a rounded apia'aranee. 

T lie Soft \\hit(! stone ahove-nicniioned, is reimirkahle from 
its singular resemhlance, when viewed in mass, to a sodi- 
mentaiy tuft: it wtis long before 1 eoidd jiersuade inystdf 
that siieli was not its origin; and other geologists have been 
ixwplexed by closely similar formati(vis in trachytic regions. 

t This si).icc is nearly ineltuled hy a ijnp sweeping round Green 

ountain, and joining the hills, railed the Weather I’ort Signal, Holy- 
Head, and tliat deiunninated (in.propcrly in a geological sense) “the 
crater or an old volciit.o.” 
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III two cases, this white earthy stone formed isolated hills; 
in a third, it was associated with columnar and laminated 
trachyte; but I was unable to trace an actual junction. It 
contains numerous crystals of glassy feldspar and black 
microscopical specks, and is marke<J with small darker 
patches, exactly as in the surrounding trachyte. Its basis, 
however, when viewed under the microscope, is generally 
([uite earthy ; but sometimes it exhibits a decidedly crystal- 
line structure. On the hill niarketl ‘‘Crater of an old 
volcano,” it passes into a pale greenish-gray variety, differ- 
ing only in its colour, and in not being so earthy ; the 
passage was in one case effected insensibly; in another, it 
was formed by numerous, rounded and angular, masses of the 
greenish variety, being embedded in the white variety ; — in 
this latter case, the a))pearanee was very much like that of a 
sedimentary deposit, torn up and abraded, during the dejm- 
sition of a subsccpient stratum. Botli these varieties are 
travcTsed by innumerable tortuous veins, (presently to l>e 
<l(‘scribe(l,) which are totally unlike injected dikes, or indeofl 
any otluT veins whiidi I have ever seen. Both varieties 
include a few scattered fragments, large and small, of dark- 
coloured seoriaceous roeks, the cells of some of w liieli are 
partially filled with the white earthy stone; they likewise 
ineludc some huge blocks of a cellular porphyry.* These 
fragments project from the weathered surface, and per- 
fectly resemble fragments embedded in a true sedimentary 
tuff. But as it is know n', that extraneous fragments of cellu- 
lar rock are sometimes included in columnar trachyte, in 
phon(>lite,t and in other compact lavas, this circumstance is 
not any real argument for the sedimentary origin of thew liite 
earthy stone.;}; The insensible passage of the greenish 

♦ The porphyry is dark coloured ; it contains numerous, often frac- 
tured, crystals of white opaque feldspar, also decomposing crystals of 
oxide of iron ; its vesicles include masses of delicate, hair-like, crystali, 
apparently of analcime. 

t D^Anhuisson Traits de (i^ognosie, tom. ii. p. 548. 

t Dr. Daubeny (on Volcanos, p. 180) seems to have been led to be- 
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variety into the white one, iiiul likewiflie the more abrupt 
passiage by fragments of the former Inking embedded in 
the hitter, might result from slight differences in the compo- 
sition of the same mass of molten stone, and from the abrading 
action of one such part still Hiiid, on another part already 
solidifieth The curiously formed vtmis have, I kdieve, 
been formed by silicious matter being subse<juentiy segre- 
gatetl. But my chief reason for lK*lieving that these soft 
earthy stones, with their extraneous fragments, are not of 
sedimentary origin, is the <‘xtreme imprtdjubility of crystals 
of feldspar, black mic'roscopical sjnvks, and Miiall stains of a 
darker colour, occurring in the same proportional numbers 
in an aqueous deposit, and in masses of solid trachyte. 
Moreover, as I liave remarked, tlie inicrosci>pi‘ o<*casionully 
reveals a crystalline structure in tin* apjairtmtly earthy 
basis. On the other hand, the partial dcctnnposition of such 
great masses of trachyte, forming whole mountains, is 
undoubtedly a circumstance of not easy ( xplanation. 

Veins in the earth/ traehi/tic masses . — These vt*ins ar(‘ ex- 
traordinarily numerous, int<TSOcting in the' most coinprn atejd 
manner botli coloured varieti(s of tin* earthy trachyt(‘ : tliey 
are l)cst seen on the Hanks of the “ ( Vaterof the old voleano.” 
Thev contain crystals of glassy feldspar, hlaek microscopical 
sjiecks and little dark stains, precisedy as in tln^ surrounding 
rock; hut the basis is v(‘ry diHVu'cnt, being e\ce(*dingly 
hard, compact, somewliat brittle, and of rather less easy fusibi- 
lity. The veins vary much, and smhhudy, from the tenth of 
an inch to one incli in thickness; tliey often thin out, not 
only on their edges, hut in tlieir central parts, thus leaving 
round, irregular apertures; their surfaces arc rugged. 

lieve that certain trachytic formations of Ischia and of the Puy de 
Dome, which closely rescmhle these of Ascension, w'ere of sedimentary 
origin, chiefly from the frequent presence in them “of scoriform |)or- 
pons, diflferent in colour from the matrix.” Dr. Daubeny adds, that on 
the other hand, Brocchi, and other eminent geologists, have considered 
these beds as earthy varieties of trachyte ; be considers the subject 
deserving of further attention. 
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They are inclined at every possible angle with the horizon, 
or are horizontal ; they are generally curvilinear, and often 
interbranch one with another. From their hardness they 
withstand weathering, and projecting two or three feet above 
the ground, they occasionally extend some yards in length ; 
these plate-like veins, when struck, emit a sound, almost 
like that of a drum, and they may bo distinctly seen to 
vibrate ; their fragments, which are strewed on the ground, 
clatter like pieces of iron, when knocked against each other. 
They often assume the most singular forms ; I saw a 
pedestal of the earthy trachyte, covered by a hemispherical 
portion of a vein, like a great umbrella, sufficiently large 
to shelter two persons. I have never met with, or seen de- 
scribed, any veins like these; but in form they resemble the 
ferruginous seams, due to some process of segregation, occur- 
ring not uncommonly in sandstones, — for instance, in the 
New lied sandstone of England. Numerous veins of jasper 
and of siliceous sinter, occurring on the summit of this same 
hill, show that there has been some abundant source o£ 
silica, and as these plate-like veins differ from the trachyte, 
only ill their greater hardness, brittleness, and less easy fusi- 
bility, it appears probable that their origin is due to the 
segregation or infiltration of siliceous matter, in the same 
manner as happens with the oxides of iron in many sedi- 
mentary rocks. 

Siliceous sinter and jasper , — The siliceous sinter is either 
(|uite white, of little specific gravity, and with a somewhat 
pearly fracture, passing into pinkish pearly quartz ; or it is 
yellowisli white, with a harsh fracture, and it then contains 
an earthy powder in small cavities. Both varieties occur, 
either in large irregular masses in the altered trachyte, 
or in seams included in broad, vertical, tortuous, irregular 
veins of a compact, • harsh, stone of a dull red colour, 
appearing like a sandstone. This stone, however, is only 
altered trachyte; and a nearly similar variety, but often 
honeycombed, sometimes adheres to the projecting plate- 
like veins, described in the last paragraph. The jasper 
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U of an ochre yellow or red eoloiir; it (UH^urs in large 
irregular masses, and sometimes in veins, Ijotli in the altereil 
trachyte and in an associated muss of seoriueeous basalt. 
The cells of Uie scoriaeixius basidt are jiiUMl or filled with 
fine, concentric layers of ehale<‘dony, cosUmI and studdcnj 
with bright-red oxide of iron. In this rock, espmnlly in 
the rather more comjmct parts, irregular angular jiatches 
of the red jasper are inehuletl, the edges of >vhieli insensibly 
blend into the surrouiuling muss ; otluT patches occur 
having an intermediate character Ix twetm perfe<^l jaspiT 
and the ferruginous, d(*coiuj>osed, basaltic has<‘. In these 
patches, and likewise in the largt‘ v(‘in-lik«‘ masses o(‘ jas]ier, 
there occur little rouiuhd euxitus, ot' (‘\uitiy th(‘ same 
siz<^ and form with tlu‘ air-e<‘lls, whieh in tlu‘ neuriaceons 
basalt are tilled and lined with layt'rs of (*halta‘donv. 
Small fragments of tlie jasper, (*xamiinMl under the micro- 
scope, seem to res(‘inhle the ehalc*(‘donv with it< colouring 
matter not separated into layers, hut mingle<l in the >ili(‘( ous 
paste, together with some impurities. I (*an underhand 
these facts, — iianudy, the hlending t»f tin* jasper into tlie 
semi-decomj)()S(Ml basalt, — its oceiirreiuH* in ani^nlar patelies, 
wdiicli clearly do not occtipy pre-(‘xisting hollows in the 
rock,— and its containing littli? voieles w iih chab’ethuiv, 

like those in the. seoriaceous lava, — only on tin* supposi- 
tion that a Huid, probably th(> sanut Hnid which deposited 
the chalcedony in tin? air-cells^ reino\ed in tluyse parts 
where there were no eaviti(‘s, tlte ingnMlients of the basaltic 
rock, and left in their place, silica and iron, and thus pro- 
duced the jasper, in some >p(‘cinien^ of >ili(«ifiod wo<m1, 1 
have ohs(‘i\cd, that in the sann* ina finer as in the basalt, tlie 
solid parts were converted into a ilark-coloured liomogeneous 
stone, whereas the cavities fornied by the larger sap- 
vessids (vvliich may be compand with tin* air-vc^sicles in the 
basaltic lava) and other irregular hollows, apj>areutly pro- 
duced by decay, were filled with conctmtiic layers of chal- 
cedony ; in this case, there can he little dotibt that the 
same fluid deposited the hoinogeiKous base and the dial- 
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ceclonic layers. After the.se considerations, I cannot doubt, but 
that the jasper of Ascension may be viewed as a volcanic rock 
silicified, in precisely the same sense as this term is applied 
to wood, when silicified : we are equally ignorant of the 
means by which every atom of wood, whilst in a perfect 
state, is removed and replaced by atoms of silica, as we 
are of the means by which the constituent parts of a 
volcanic rock could be thus acted on.* I was led to 
the careful examination of these rocks, and to the con- 
clusion here given, from having heard the Rev. Professor 
Ilcnslow express a similar opinion, regarding the origin 
in trap-rocks of many chalcedonies and agates. Sili- 
ceous deposits seem to be very general, if not of universal 
occurrences in partially decomposed trachytic tuffs ;t and as 
these liills, according to the view above given, consist of 
tracliyte softened and altered in sitUy the presence of free 
silica in tliis case, may be added as one more instance to the 
list. 

Concretions in pumiceoui tuff . — ^The hill, luarkeil in the map 
“ Crater of an old volcano,’' has no claims to this appellation, 
which I could discover, except in being surmounted by a 
larcnlar, very shallow, saucer-like summit, nearly half a mile 
in diameter. This hollow has been nearly filled up with 

• Beuclant (Voyage en Hongrie, tom. iii. p. 502, 504) describes kid- 
ney-slmped masses of jasper-opal, which either blend into the surround- 
ing trachytic conglomerate, or are embedded in it like chalk-flinls ; and 
he compares them with the fragments of opalized wood, which are 
abundant in this same formation. Beudant, however, appears to have 
viewed the process of their formation, rather as one of simple infiltra- 
tion, than of molecular exchange ; but the presence of a concretion, 
wholly different from the surrounding matter, if not formed in a pre- 
existing hollow, clearly seems to me to require, either a molecular or 
mechanical displacement of the atoms, which occupied the space after- 
wards filled by it. The jasper-opal of Hungary passes into chalcedony, 
and therefore in this case, as in that of Ascension, jasper seems to be 
intimately related in origin with chalcedony. 

t Beudant (Voyage Min. tom. iii. p. 507) enumerates cases in Hun- 
gary, Germany, Central France, Ibily, Greece, and Mexiep. 
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many ancccasive sheets of ashes and scoriae, of different 
colours, and slightly con8oli<late<i. Each successive, saucer- 
shaped, layer crops out all round the margin, fonuing jh> 
many rings of various colours, ami giving to the hill a fan- 
tastic appearance. The outer ring is bniad, and of a white 
colour ; hence it resembles a eotirse round which horses have 

a 

bc'en exereisoil, anti has received the name of the Devil's 
Ruling ScluH)l, by which it is most generally known. Thm' 
successive layers of ashes must have fallen tner the whole 
surrounding eountry, but they have all bet?n blown away 
except in this one hollow, in which prohaldy moisture accu- 
mulattHl, either during an extraordinary year when rain fell, 
or during the storms often accompanying volcanic tTuptions. 
One of the laytTs of u pinkish colour, and chieHy derived 
from small, decouniosed fragnu^nts of pumice, is remarkable, 
from containing numerous concretions. These* are* geneTally 
spherical, from half-an-incli to three inches in diame^ter; but 
they are occasionally cylindrical, like those e>f iron-pyrite s in 
the chalk of Eurojie. They consist of a v(*ry tough, com- 
pact, jiale-hrown stone, w'ith a sme>oth and e ven, fracture. 
They are divided into concentric layers, by thin white* jiar- 
titions, resembling the external sn])(*rficie*s ; six or ( ight of 
sucli layers are distinctly defined near tin* outsi<le ; Imt those 
toward the inside generally b(*ce)nie irnlistinct, and hl(*Tid into 
a liomogeneous mass. I presume that th(*se* eonee*ntrie layers 
were formed liy the shrinking of the coner<*tie)n, as it became 
compact. The interior part is generally fissured by minute 
cracks or septaria, which are line<l, both by black, metallic, and 
by other white and crystalline specks, the nature of which 
I was unable to ascertain. Some of the larger concretions 
consist of a mere spherical sin*!!, filled with slightly consoli- 
dated ashes. Tlie concretions contain a small proportion 
of carbonate of lime : a fragment plac(‘d under the blow- 
j)ipe decrepitates, then wdiitens and fuses into a hlehby 
enamel, hut does not lieeome caustie. The surrounding 
ashes do not contain any carlionate (d* lime ; hence the con- 
cretions liave prohahly been formed, as is so ofteti iht^ case, 
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by the a{ffjregation of this substance. I have not met with 
any account of similar concretions ; and considering their 
great toughness and compactness, their occurrence in a bed, 
which probably has been subjected only to atmosjjheric 
iuoi.sturo, is remarkable. 

Formation of calcareous rocks on the sea-coast , — On several 
of the sea-beaches, there are immense accumulations of 
small, well-rounded particles of shells and corals, of white, 
yellowdsh, and pink colours, interspersed with a few volcanic 
particles. At the depth of a few feet, these are found 
cemented together into stone, of which tlie softer varieties 
are used for l)uilding ; tliere are other varieties, both coarse 
and line-grained, too liard for this purpose : and I saw one 
mass, dividtNl into even layers half-an-inch in thickness, 
wliicli were so compact, tliat wdien struck with a hammer 
th(*y rang like flint. It is believed by the inhabitants, that 
the particles become united in the course of a single year. 
1110 union is effected by calcareous matter; and in the most 
compact vari(*ties, each rounded particle of shell and volcanic 
rock can be distinctly seen to be enveloped in a husk of 
pellucid carbonate of lime. Extremely few perfect sheila 
are embedded in these agglutinated masses; and I liave 
examined even a large fragment under a microscope, witJioiit 
being able to discover tlie least vestige of striae or other 
marks of external form : this shows how long each particle 
must have been rolled about, before its turn came to be 
embedded and cemented.’*' One of the most compact 
varieties, w hen placed in acid, was entirely dissolved, with 
the exception of some flocculent animal matter ; its specific 
gravity was 2'63. The s{>ecific gravity of ordinary lime- 
stone varies from 2*6 to 2'75 ; pure Carrara marble was 
found by Sir H. De la Bechet to be 2*7, It is remarkable 

• 

* The eggs of the turtle being buried by the parent, sometimes be- 
come enclosed in the solid rock. Mr. Lyell has given a figure (Princi- * 
pics of Geology, book iii. cb. 17.) of some eggs, containing the bones of 
young turtles, found thus entombea. 

t Researches in Theoretical Geology, p. I ‘2. 
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that Che»e rockA of Ascension, foniicd close to the stirfeci^ 
should be nearly as compact as marble, which has imdergone 
the action of heat and pressure iu the plutonic regiona. 

The great accumulation of loose calcareous particles, lying 
on the beach near the Settlement, commences in the month 
of October, moving towards the S.W., which, as I was in- 
formed by Lieut. Evans, is caused by a change in 'the pro- " 
vailing direction of the currents. At this pericHl the tidal 
rocks, at the S,\V. end of the lieach, where the calcareous 
sand is accunuilating, and round W'hich the currents swf'e[>, 
become gradually coated with a calcareous incrustation, balf- 
an-inch in thickness. It is (juite white, compact, with some 
parts slightly spathose, and is firmly attacluMi to the rock. 
After a short time it gradually disap))(‘iirs, Indug either re- 
dissolvcHl, when the water is less chargtd w ith lime, or more 
probably is inechanically abraded. Lient. Evans has ob- 
served these facts, during the six years he has resided at 
Ascension. The incrustation varies in thickness in different 
years: in ISdl it was umisunlly tliick. When I there 
hi July, there was no remnant uf the incrustation; but on a 
point of hu'^alt, from wliieh the <juarrynu*n had lately re- 
movt'd a mass of the calcare ous frei^stone, the incrustation 
was [)erft*etly presiTvcfl. ( ’on.sidering the |Hmition of the 
tidal rocks, and the peri<Kl at which they lM*conie coateil, 
there ean he no doubt, that the movement and disturliaiiCc 
of the vast accumulation of calcur(*ous partiedes, many of 
them being partially agghitinated together, causes the waves 
of th(» sea to he so liigldy charged w ith carbonate of lime, 
that they deposit it on the first objects against which tliey 
impinge. I liave been informed by Lieut. Holland, R.nI, 
that this incrustation is formed on many parts of the coast, 
on most of which, I helievo, there are likewise great niasses 
of comminuted shells. 

A frondescent caleareoxis incruHtatiafK—h\ many respects 
•this is a siujrular (h-posit; it coats tiiroughout the year the 
tKlal volcanic rocks, that project from the beaches coiti- 
jiosec of broken shells. Its f'cneral appearance is well re- 
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presented in the accompanying woodcut ; but the fronds or 
discs, of whichf it is composed, are generally so closely 


No. 5. 


An Ini'nittiition of calcareotu and animal matter, coatiof the tidal rocks at Ascension. 



crowded together as to touch. These fronds have their 
sinuous edges finely crenulated, and they project over their 
pedestals or supports ; their upper surfaces are either slightly 
concave, or slightly convex ; they are highly polished, and pf 
a dark gray or jet black colour ; their form is irregular, 
generally circular, and from the tenth of an inch to one inch 
and a>half in diameter ; their thickness, or amount of their 
projection from the rock on which they stand, varies much, 
about a quarter of an inch being perhaps most usual. Tlie 
fronds occasionally become more and more convex, until 
they pass into botryoidal masses with their summits fissured ; 
when in this state, they are glossy and of an intense black, 
so as to resemble some fused metallic substance. I have 
shown the incrustation, both in this latter and in its ordinary 
state, to several geologists, but not one could conjecture its 
origin, except that perhaps it was of volcanic nature I 

The substance forming the fronds, has a very compact and 
often almost crystalline fracture ; the edges being translu- 
cent, and hard enough easily to scratch calcareous spar. 
Under the blow-pipe it immediately becomes white, and 
emits a strong animal odour, like that from fresh shells. It 
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u ehtefiy eomp<>»«d of carbonate of lime ; when placed in 
mnmtic acid it froths leaving a residbe of aiilphate of 

lime^ and of an oxide of iron, ttigetlier with a black powder, 
which is not soluble in beattMl acids. This latter substatict? 
seems to be carlKuiaceons, and is evidently the colouring 
matter. The sulphate of lime is extraneous, and cwx^nrs in 
distinct, excessively minute, lamellar plates, studded on the 
surfaces of the fronds, and embeddiHl latween the fine layers 
of which they are oompostMl ; w hen a fragment is heated in 
the blow^pipe, these lamella* are immediately nmdere<l visible. 
The original outline of tlie fronds may often be traced, either 
to a minute pHrti<‘l(* of shell fixed in a crevice of the roek, or 
to several ceiu(*ut{*(l toir'*ther; th(*se first become (h‘eply 
corroded, hy the dissoKiug power of the wav(‘S, iuto sliarp 
ridges, and thou an* coatcHl with suc(‘ossive layers of the 
glossy, gray, calcareous incrustation. The inequalities of the 
primary support atVect the outline of ev(*ry successive layer, 
in the same manner as may often be seen in lR*zoar-stones, 
when an object like a nail f»)rms tin* centre (d’ aggregation. 
The crenulated (*(lges, however, ot* tlu* frond a|)}K*ar to be 
due to the corroding power of the surf on its own <lcposit, 
alternating with fr(*sb depositions. On some* sinootli basaltic 
rocks on the coast ofSt. Jago, I found an excccdinglv tliin layer 
of brown calcareous matter, wliirh nmh*r a lens presented a 
miniature likem'ss of the cr(‘milat(Ml and polishtMl fronds of 
Ascension ; in this ca^e a basis was not allorded by any pro- 
jecting extraneous j)arti(*lcs. Although the iuernstatiou at 
Ascension, is persistent thronghoitt the yetir ; yet from the 
abraded a})p(*arance of some parts, and from the fresh ap- 
pearance of other parts, tlie whole seems to undergo a round 
of decay and renovation, due prolmldy to changes in the form 
of the shifting beacli, and couse(|uently in the action of the 
breakers: hence probaldy it is, tliat. tin* incrustation never 
acfjuircs a great thickness. Considering the position of the 
encrusted rocks in the midst of the calcareous beach, to- 
gether with its composition, I think there can be no doubt, 
that its<origin is due to the dissolution and subsctpient depo- 
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sUioii of the matter, composing the rounded particles of 
shells and corals.^ From this source it derives its animal 
matter, which is evidently the colouring principle. The 
nature of the deposit, in its incipient stage, can often be well 
seen upon a fmgment of white shell, when jammed between 
two of the fronds ; it then appears exactly like the thinnest 
wash of a pale gray varnish. Its darkness varies a little, 
but the jet blackness of some of the fronds and of the botry- 
oidal masses, seems due to the translucency of the successive 
gray layers. There is, however, this singular circumstance, 
that when deposited on the under side of ledges of rock or 
in fissures, it appears always to be of a pale, pearly gray 
colour, even when of considerable thickness : hence one is 
led to suppose, that an abundance of light is necessary to the 
development of the dark colour, in the same manner as 
seems to he the case with the upper and exposed surfaces of the 
shells of living mollusca, which are always dark, compared 
wnth their under surfaces and with the parts habitually covered 
by tlie mantle of the animal. In this circumstance, — in the 
immediate) loss of colour and in the odour emitted under the 
blow-pipe, — in the degree of hardness and translucency of 
the edges, — and in tlic beautiful polish of the surface,f rival- 

♦ The selenite, as I have remarked, is extraneous, and must have 
been derived from the sea-watcr. It is an interesting circumstance 
thus to find the waves of the ocean, sufficiently charged wdth sulphate 
of lime, to deposit it on the rocks, against which they dash every tide. 
Dr. Webster has described (Voyage of the Chanticleer, voK ii. p. 319) 
beds of gypsum and salt, as much as two feet in thickness, left by the 
evaporation of the spray on the rocks on the windward coast. Beautiful 
stalactites of selenite, resembling in form those of carbonate of lime, 
arc formed near these beds. Amorphous masses of gypsum, also, occur in 
caverns in the interior of the island ; and at Cross Hill (an old crater) 
I saw' a considerable quantity of salt oozing from a pile of scorioc. In 
these latter cases, the salt apd gypsum appear to be volcanic products. 

t From the fact described in my Journal of Researches (p. 12), of a 
coating of oxide of iron, deposited by a streamlet on the rocks in its be<J 
(like a nearly similar coating at the great cataracts of the Orinooco and 
Nile), becoming finely polished where the surf acts, 1 presume that 
the surf in this instance, also, is the polishing agent. 
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ting vUen In a fresh state that of the finest Olira, there is a 
atiiklug anal<^ between this inorganic incrustation and the 
shells of living luolhiscous aniinals.* Tltis appears to me 
to be an interesting physiological fact.f 

t%iffnlar laminated beds alternating with and patting into 
obsidian . — These bctls occur within the trachytic district, at 
the western base of Green Mountain, under which they dip 
at a high inclination. They are only partially exposed, 
being covered up by modern ejwtions ; from this cause, 
I was unable to trace their junction with the trachyte, or to 
discover whether they had flowe<l as a stream of lava, or 
had been injected amidst the overlying strata. There are 
three princij)al beds of oltsidian, of which the thickest forms 
the base of the section. The alternating stony layers apjtear 
to me entinently curious, and shall be first described, and 
afterwards their ]>assage into the obsidian. They have an 
extremely diversified apj>earance ; fiv«* principal varieties 
may be noticevl, but these insensildy blend into each other 
by endless gradations. 

First, — A ])ale gray, irregularly and coarsely laminated,;); 


• In the section descriptive of St. Paul’s Rocks, I have described a 
glossy, pearly substance, which coats the rocks, and an allied stalac- 
titical incrustation from Ascension, the crust of which resembles the 
enamel of teeth, but is hard enough to scratch plate glass. Botli these 
substances contain animal matter, and seem to have been derived from 
water infiltering through birds’ dung. 

+ Mr. Horner and Sir David Brewster have described (Philosophical 
Transactions, 18315, p. 0.^)) a singular “ artificial substance, resembling 
shell.” It is deposited in fine, transparent, highly polished, brown- 
coloured lamina:, possessing peculiar optical properties, on the inside of 
a vessel, in which cloth, first prepared with glue and then with lime, is 
made to revolve rapidly in water. It is ranch soRer, more transparent, 
and contains more animal matter, than the natural incrustation at 
Ascension ; but wc here again see, the strong tendency which carbonate 

of hme and animal matter evince to form a solid substance allied to 
.Bhell. 


t This term is open to some misinterpretation, as it may be applied 

Composition. 

yers irm y attached to each other, with no fissile tendency, but 
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harsh'feeling rock, resembling clay-slate which has been in 
contact with a trap-dike, and with a fracture of about the 
same degree of crystalline structure. This rock, as well as 
the following varieties, easily fuse into a pale glass. The 
greater part is honey-combed with irregular, angular, cavi- 
ties, so that the whole has a carious appearance, and some 
fragmepts resemble in a remarkable manner silicified logs 
of decayed wood. This varietji^ especially where more 
compact, is often marked with thin whitish streaks, which 
are either straight or wrap round, one behind the other, the 
elongated carious hollows. 

Secondly, — A bluish gray or pale brown, compact, heavy, 
homogeneous stone, with an angular, uneven, earthy frac- 
ture; viewed, however, under a lens of high power, the 
fracture is seen to be distinctly crystalline, and even separate 
minerals can be distinguished. 

Thirdly, — A stone of the same kind with the last, but 
streaked with numerous, parallel, slightly tortuous, white 
lines of tlie thickness of hairs. These wliite lines are more 
crystalline than the parts between them ; and the stone 
splits along them : they frequently expand into exceedingly 
thin cavities, which are often only just perceptible with a lens. 
The matter forming the white lines becomes better crys- 
tallized in these cavities, and Prof. Miller was fortunate 
enough, after several trials, to ascertain that the white 
crystals, which are the largest, were of quartz,^ and that 
the minute green transparent needles were augite, or, as 
they would more generally be called, diopside : besides 
these crystals, there are some minute, dark specks without a 
trace of crystallization, and some fine, white, granular, crys- 

composed of different minerals, or of different shades of colour. The 
term laminated, in this chapter, is applied in these latter senses j where 
a homogeneous rock splits, as in the former sense, in a given direction, 
like clay-slate, I have used the term fissile. 

* Professor Miller informs me that the crystals which he measured 
had the faces P, z, m of the figure (147) given by Haidinger in his 
Translation of Mohs j and he adds, that it is remarkable, that none of 
them had the slightest trace of faces r of the regular six-sided prism. 
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wtiicli is probubly feldspur. Minute ftnginenti 
l&k todk Ai*e ensily (Visible. 

^bttrtWy^^A compact crystalline rock, banded in straight 
Biiea with Innumciiible layers of white and gray shades of 
eolonr, wying in widtii from the ^»^th to the of an 
Inch i these layers seem to be eoin|)ose<l chiefly of feldspar, 
and they contain numerous perft*ct crystals of glassy feld- 
spar, which are placed lengthways; they are also thickly 
studded with microscopically minute, amorphous, black 
specks, which are placed in rows, either standing separately, 
or more frequently iinit<HU two or tlinn^ or several together, 
into black lines, thinner than a hair. AVhen a small fragment 
is heated in the blow-pipe, the black S|)eck8 are tnisily fused 
into black brilliant lx ad^, which become magnetic, — charac- 
ters that apply to no common mineral except hornblende or 
augite. With the black specks, there arc mingU»d some 
others of a red colour, whicdi are magnetic before being 
heated, and no doul)t are oxhle of iron. Hound two little 
cavities, in a specimen of this variety, I foinul the black 
specks aggregated into minute crystals, appearing like'tliosc 
of augite or hornblende, but too dull and small to' be mea- 
sured by the gonioiU(‘ter ; in this specimen, also, I could 
distinguish amidst the crystalline feldspar, grains, which had 
the aspect of quartz. By trying with a parallel ruler, 
I found that the thin gray layers, and the black hair-like lines, 
were absolutely straight and parallel to each other. It is 
impossible to trace tlie gnnlation from the homogeneous gray 
rocks to these striped varieties, or indeed the character of 
the different layers in the same specimen, witliont feeliTig 
convinced that the more or less perfect whifencHS of the 
crystalline feldspathic matter, depends on the more or less 
pcrf(?ct aggregation of diffused matter, into the black and 
red specks of hornblende and oxide of iron. 

Fifthly, —A compact lieavy rock, not laminated, wdtli an 
irregular, angular, highly crystalline, fracture ; it abounds 
with distinct crystals of glassy feldspar, and the crystalline 
feldspathic base is mottled with a black mineral, which on 
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the weathered surface is seea to be aggregated into small 
crystals, some perfect, but the greater number imperfect. I 
showed this specimen to an experienced geologist, and asked 
him what it was, he answered, as I think every one else 
would have done, that it was a primitive greenstone. The 
weathered surface, also, of the foregoing (No. 4) banded 
variety^ strikingly resembles a worn fragment of finely lami- 
nated gneiss. 

These five varieties, with many intermediate ones, pass 
and repass into each other. As the compact varieties are 
quite subordinate to the others, the whole may be considered 
as laminated or striped. The lamin®, to sum up their charac- 
teristics, are either quite straight, or slightly tortuous, or 
convoluted ; they are all parallel to each other, and to the 
intercalating strata of obsidian ; they are generally of 
extreme tliinness ; they consist either of an apparently 
homogeneous, compact rock, striped with different shades of 
gray and brown colours, or of crystalline feldspathic layers 
in a more or less perfect state of purity, and of different 
thicknessc.s, with distinct crystals of glassy feldspar placed 
lengthways, or of very tliiii layers chiefly composed of minute 
crystals of quartz and aiigite, or composed of black and red 
specks of an augitic mineral and of an oxide of iron, either 
not crystallized or imperfectly so. After having fully de- 
scribed the obsidian, I shall return to the subject of the 
lamination of rocks of the trachytic series. 

The passage of the foregoing beds into the strata of glassy 
obsidian is effected in several ways : first, angulo-modular 
masses of obsidian, both large and small, abruptly appear 
disseminated in a slaty, or in an amorphous, pale-coloured 
feldspathic rock, with a somew’hat pearly fracture. Secondly, 
small irregular nodules of the obsidian, either standing 
separately, or united into thin layers, seldom more than the 
tenth of an inch in thickness, alternate repeatedly with very 
thin layers of a feldspathic rock, which is strip^ wdth the 
finest parallel zones of colour, like an agate, and which 
sometimes passes into the nature of pitchstone; the interstices 
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between the nodules of obsidian are generally filled by soft 
white matter, resembling pnmieeous ashes. Thirdly, the 
whole substance of the bounding rock suddenly passes into 
an angttlo'concretiouary mass of obsidian. Such masses (as 
well a.s the small nodules) of obsiiUan are of a pale green 
colour, and are generally streaked with different shades of 
colour, parallel to the laniime of the surrounding rock ; they 
likewise generally contain minute white sphasrulites, of which 
half is sometimes einl)whle<l in a zone of one shade of colour, 
and half in a zone of another shade. The obsidian assumes 
its jet black colour anti jterfectly conehoidal fracture, only 
when in large masses ; but even in these, tm careful exami- 
nation and on bttlding the specimens in different lights, 1 
could generally distinguish |)arallol streaks of different shades 
of darkness. 

One of the commonest transitional rocks deserves in 
several respects a further description. It is of a very com- 
plicated nature, and consists of numerous thin, slightly 
tortuous, layers of a pale-coloureil fii^ldspathie stone, often 
passing into an im|)erfect pitehstone, alternating with lay<‘rs 
formed of mmiberle.ss little globules of two varieti«'s of obsi- 
dian, and of two kinds of spha;rulites, embedded in a soft or 
in a hard pearly base. The s|*hicrulitcs are either white and 
tran.sluccnt, or dark brown and ojtaque ; the former are 
quite spherical, of small size, and distinctly radiated from 
their centre. The dark brown spha-rulites are h'ss perftH-tly 
round, and vary in diameter from tlie ^ to ^<5 of an inch ; 
when broken they exhibit towards their centres, which are 
whitish, an obscure radiating structure ; two of them when 
united, sometimes have only one central point of radiation ; 
there is occasionally a trace of a hollow' or crevice in their 
centres. They stand either sej)arately, or arc nnited two or 
thns! or many together into irregular groups, or more 
coriimoiily into layers, parallel to the stratification of the 
•mass. This union in many cases is so perfect, that the two 
sides of the layer thus formed, are quite even ; and these 
layers,, as they become less brown and opaque, cannot be 
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distinguished from the alternating layers of the pale-coloured 
feldspathic stone. The sphaenilites, when not united, are ge- 
nera% compressed in the plane of the lamination of the mass ; 
and in this same plane, they are often marked internally, by 
zones of different shades of colour, and externally by small 
ridges and furrows. In the upper part of the accompanying 
woodcut, the sphmrulites with the parallel ridges and furrows 


No. 0, 


Opaquo brown drawn on an enlarged acale. The upper one* are externally marked 

with parallel zldge*. The internal radiating itnicture of the lower onef» is much too 
plainly represented. 

are reprosented on an enlarged scale, but they are not well 
executed ; and in the lower part, their usual manner of 
grouping is shown. In another specimen, a thin layer 
formed of the brown sphaerulites closely united together, 
intersects, as represented in the woodcut, No. 7, a layer of 



No. 7. 



A layer formed by the union of minute brown tphisrulitetilnterfecting two other similar layers : 
the whole repreeeoted of nearly the natural site. 

similar composition ; and after running for a short space ip 
a slightly curved line, again intersects it, and likewise a 
second layer lying a little way beneath that first intersected. 
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Tbe small nodules also of ol>sidiau are sometimes externally 
marked with ridges and furrows, [parallel to the lamination 
of the mass, bnt always plainly than the sphterulties. 
These obsidian nodules generally angular, with their 
edges bluateil ; they are often iinprtfssed with the form of 
the adjoining spha^rulites, than which they are always larger; 
the separate nodules seldom aiipear to have drawn each other 
out by exerting a mutual attractive forct*. Had I not found in 
some cases, a distinct centre of attraction in these lunluhv^ of 
obsidian, I should have been led to have eousidered them as 
residuary matter, left during the fonnalion of the pearl- 
stone, in which they are einlxdd^Hl, and of the spljaTiilitic 
globules* 

The sphicruliu^s and the little inxlules of obsidian in tliese 
rochs, so closely resemble in general form and stru(‘tun% con- 
cretions in H(‘dimentary deposits, that one is at once tempted 
to attribute to them an analogous origin. They r(‘semhle ordi- 
nary concretions in tin? following respects, — in their (»xtt*rnal 
form — in tlie union of tw o or three, or of several, into an irre- 
gular mass, or into an even-side<l Iay<?r, — in the occasional in- 
tersection of one sn<*li layer hy anoth(*r, as in the ease of chalk- 
flirits, — in the presence of two or three kinds (»f nodules, 
often elos<» tog<‘t her, in the same basis, — in tlii‘ir fibrous, radi- 
ating strneture, with oecasional hollows in their eentres, — in 
the co-existence of a laminary, eoneretionary, and radiating 
structure, as is so \v(*ll developed in the coneretions of mag- 
nesian VuiH'stom?, described hy Professor Sedgxviek,’*^ Con- 
cretions in sedimentary d(‘p(>sits, it is know*n, are due to the 
separation from the surrounding mass i>f the whole or part 
of some mineral sulxstance, and its aggregation round cer- 
tain points of attraction. Guided hy this fact, 1 hav'C endea- 
vourf‘d t<i discover whetlier obsidian ami the spha rulites (to 
which may be added marekanite and pearlstone, both of 
them occurring in nodular concretions in the trachytic 
Series) dilbu* in their constituent parts, from the minerals 
general!) cornp(»sing trachytic rocks. It appears from three 
^ Onological TransactioriR, vol. iii. p.irt i. p. 37. 
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analyses, that obsidian contains on an average 76 per cent, of 
silica; from one analysis, that sphsemlites contain 79' 12; 
from two, that marekanite contains 79*25; and from two 
other analyses, that jicarlstone contains 75*62 of silica.* 
Now, the constituent parts of trachyte, as far as they can be 
distinguished, consist of feldspar, containing 65*21 of silica ; 
or of albite containing 69*09 ; of hornblende containing 
55*27, t and of oxide of iron : so that the foregoing glassy 
concretionary substance, all contain a larger proportion of 
silica than that occurring in ordinary feldspathic or trachytic 
rocks. D’Aubiiisson,:{: also, has remarked on the large pro- 
portion of silica compared with alumina, in six analyses of 
obsidian and pearlstone given in Brongniart’s Mineralogy. 
Hence I conclude, that the foregoing concretions have been 
formed by a process of aggregation, strictly analogous to 
that w hich takes place in aqueous de}X)sit8, acting chiefly on 
the silica, but likewise on some of the other elements of the 
surrounding mass, and thus producing the different con- 
cretionary varieties. From the w*eU-known effects of rapid 
cooling^ ^ giving ghissiuessof texture, it is probably neces- 
sary that the entire mass, in cases like that of Ascension, 
should have cooled at a certain rate; but considering the 
repeatwl and complicated alternations, of nodules and thin 
layers of a glassy texture with other layers quite stony or 
crystalline, all within the space of a few feet or even inches, 
it is hardly jiossible that they could have cooled at different 
rates, and thus have acquired their different textures. 

The natural sphaarulites in these rocks, j| very closely 

• The foregoing analyses arc taken from Beudant Traits de Min^r- 
alogie, tom. ii. p. 113; and one analysis of obsidian, from Phillipses 
Minenilogy. 

t These analyses are taken from Von KobeU’s, Grundzugc der Miner- 
alogie, 1838. 

X Trait<^. de G(^ogn. tom. ii. p. SSs. 

§ This is seen in the manufactory of common glass, and in Gregory 
Watt8*8 experiments on molten trap ; also on the natural surfaces of 
lava-streams, and on the side-walls of dikes. 

H I do not know whether it is generally known, that bodies having 
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re«€iiible those produced in glass^ when slowly cooled. In 
some fine speeimens of partially dovitrtfied glass, in the 
{K)s«ession of Mr. Stokes, the spluemlitcs are imited into 
straight layers with eren sides, parallel to each other, and to 
one of the outer surfaces, exactly as in the obsidian. Thent? 
layers sometiuies interbraueh and form loops ; but I did not 
see any case of actual intersection. They form the |>assagc 
from the |)erfectly glassy yiortions, to those nearly homo- 
geneous and stony, with only an ol>Hctire concretionary 
structure. In the same spec'imcii, also, s[>haTulites diftering 
slightly in colour and in structure, occur cmlaHldtHl close 
together. Considering these facts, it is some confirmation 
of the view above given of the concretionary origin of the 
obsidian and natural sj»ha»rnlites, to find that M. Dartigucs/ 
in his curious pajKT on this subject, attributes the production of 
sphaerulites in glass, to the different ingrc‘di(»nts obeying tludr 
own laws of attraction and becoming aggregated. He is led 
to iKdicvc that this takes place, from the difficulty in re- 
melting spha^rulitic glass, without the wlude be first tho- 
roughly pounded and mixed together ; and likewise from the 
fact, that the change takes place most readily in glass com- 
posed of many ingredients. In eonfirination of M. Dartigiies’ 
view, I may remark, that M. Fleuriaii de IJ(‘llevuet found that 
the sph'ceriilitic portions of devitrified glass were acted on both 
l)y nitric acid and under tJie blow-pipe, in a different manner 
from the com])act paste in whicli they were emhcddeil. 

exMctly ihc same appearance a« sphsernlitca, sometimes occur in agates. 
Mr. Robert Brown showed me in an agate, formed within a cavity in a 
piece of silieified w(K>d, some little specks, which were only just visible 
to the naked eye : these specks, when placed by him under a lens of 
high power, presented a beautiful appeanince : they were perfectly 
circular, and consisted of the finest fibres of a brown colour, radiating 
with great exactness from a common centre. These little radiating 
stars arc occasionally intersected, and portions are quite cut off by the 
fine, rihbondike zones of colour in the agate. In the obsidian of 
*^Ascension, the halves of a sphmrulite often lie in different zones of 
colour, hut they are not cut off by them, as in the agate. 

Journal de Physirpie, tom. ri9 (1804), pp. 10, 12. 
t Idem, tom. fiO (1805), p. 418. 
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Comparimt of the obsidian beds and alternating strata cf 
Ascension^ with thone of other countries. — I have been struck 
with much surprise, how closely the excellent description of 
the obsidian rocks of Hungary, given by Beudant,^ and that 
by Humboldt, of the same formation in Mexico and Peru,t 
and likewise the descriptions given by several authors|: of 
the tracliytic regions in the Italian islands, agree with my 
observations at Ascension. Many passages might have 
l)een transferred without alteration from the works of the 
above authors, and would have been applicable to this island. 
They all agree in the laminated and stratified character of 
the whole series ; and Humboldt speaks of some of the beds 
of obsidian, being ribboned like jasper .§ They all agree in 
the nodular or concretionary character of the obsidian, and 
of the passage of these nodules into layers. They all refer 
to the repeated alternations, often in undulatory planes, of 
glassy, pearly, stony, and crystalline layers : the crystalline 
layers, however, seem to be much more perfectly develo|>ed 

• Voyage cn Hongric, tom, i. p. 330; tom. ii. pp. 221 & 315 ; tom. 
iii. pp. 369| 371,377, 381. 

t Essai G^ognostique, pp. 176, 326, 328. 

I r. Sorope,in Geological Transactions, vol. ii. (second series) p. 195. 
Consult, also, Dolimieu’s Voyage aux isles Lipari, and D'^Aubuisson 
Trait 6 de G(5ogn. tom. ii. p. 534. 

§ In Mr Stokes’ fine collection of obsidians from Mexico, I observe 
that the sphmrulites are generally much larger than those of Ascension; 
they are generally white, opaque, and are united into distinct layers : 
there are many singular varieties, different from any at Ascension. 
The obsidians are finely zoned, in quite straight or curved lines, with 
exceedingly slight differences of tint, of cellularity, and of more or less 
perfect degrees of glassiness. Tracing some of the less perfectly glassy 
zones, they are seen to become studded with minute white sphaerulites, 
which become more and more numerous, until at last they unite j^d 
form a distinct layer : on the other hand, at Ascension, only the brown 
spbmrulitcs unite and forip layers; the white ones always being irre- 
gularly disseminated. Some specimens at the Geological Society, 
said to belong to an obsidian formation from Mexico, have an 
earthy fracture, and are divided in the finest parallel laminoD, by specks 
of a black mineral, like the aiigitic or homblendic specks in the rocks 
at Ascension. • 
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at A$e<«iifuottftlmn in the ahovc-naniiMl conntru^i?. Hiimbolilt 
comjMirt^s soim of the 8tony Ih^U, when viewixl from u di<^. 
tancef to strata of a sehistose saiulstont*. SjihaTuliteH are 
deserilH'd as occurring ahtintlantly in all ami tlicy 

everywhere to imirk the from tlm perft^i^tly 

glassy to the stony ami crystalline Kds. Bemlant s account^ 
of his perlite hthokic glolmlaire'' in every, even the most 
triHing particular, might have hein written for the little 
brown spha^rnlitic globules uf the rocks of Ascension. 

Prom the close similarity in so many n‘>[KH tsJi4 tween the 
obsklian formations of Utimrary, Mexico, IVru, and of S4»me 
of the Italian islands, with that oi A^ceaisiuii, I can hardly 
doubt that in all (h(‘se cas<‘>, the uhsidian ami the sjdueni- 
lites owe their origin tt) a concr(*tii>nar\ aggregatii»n of 
the silica, and of sonu* of the other constituent elennuits, 
takln«: place wliilst the liquitied mass cooled at a ctTtain 
required rate. It is, however, well known, tlial in several 
places, obsidian has flowed in streams likt* lava; for in'^tan(*e\ 
at Tenerirte, at tlu! Lipari island^, and at Iceland, f- In 
tliese <‘a>es, tlie suj»erfieial parts an* the }no>t . perfl'ctly 
glassy, tin* obshlian passing at the dej>(h ot'a fru fi'et into an 
opaque stone. In an anaiy>is by \'am|nelin ol’a speeinum of 
obsidian from Ilt'cla, whieb [>robaldy flowed lava, tlie pro- 
portion of silica is nearly tin* saim* as in tlie nodular or con- 
eretionary ol}si<lian from M. •xko. It would be intcTestiug 
to ascertain, w betber the opacfiie interior portions and the 
sup(*rtieial glassy coating, contalm‘<i the suim* proj)ortional 
constituent parts: we know from M. l)ufrenov{: that the 
exterior ami interior parts of tlie sanu? stream of lava, some- 
times difi’er eon>ideraldy in flieir (‘omposition. Kven should 
the whole bo<ly of the stream of 4)l>>idian turn out to be 

Boiidant’s Voyage, tom. iii. p. 373. 

For 'rencriffe, see Von Buch Deseript, dc.s inlos Canarie? 5 , p. 184 and 
UK); for the Lipari Ihlandfi, sec Doliuiicir.s Voyage, p. 34; fur Iceland, 
sec Mackenzie’s Travels, p. 3()9. 

t NWanoires pour servir a unc dcscript. de la Fnince, tom. 

iv. p. 37>. 
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gimilarly composed with nodular obsidian, it would only be 
necessary, in accordance with the foregoing facts, to suppose 
that lava in these instances had been erupted with its ingre- 
dients mixed in the same proportion, as in the concretionary 
obsidian. 

lamination of volcanic rocks of the trachytic series. 

We have seen, that in several and widely distant countries, 
tlie strata alternating with beds of obsidian, are highly 
laminated. The nodules, also, both large and small, of tlie 
obsidian, are zoned with different shades of colour ; and 1 
have seen a specimen from Mexico in Mr. Stokes* collection, 
with its external surface weathered* into ridges and furrows, 
corresponding with the zones of different degrees of glassi- 
ness: Humboldt, + moreover, found on thePeakof Teneriffe, 
a stream of obsidian divided by very thin, alternating, layers 
of pumice. Many other lavas of the feldspathic series are 
laminated ; thus, masses of common trachyte at Ascension, 
are divided by fine earthy lines, along which the rock splits, 
separating thin layers of slightly different shades of colour ; 
the greater number, also, of the embedded crystals of glassy 
feldspar are placed lengthways in the same direction. Mr. 
P. Scropc;}: has describe<l a remarkable columnar trachyte in 
the Panza Islands, which seems to have been injected into 
an overlying mass of trachytic conglomerate: it is striped 
with zones, often of extreme tenuity, of different textures and 
colours ; the harder and darker zones appearing to contain 
a larger proportion of silica. In another part of the island, 
tliere are layers of pearlstone and pitchstone, which in many 
respects resemble those of Ascension. The zones in the 
columnar trachyte are generally contorted ; they extend un- 

• MacCulloch states (Glassification of Rocks, p.531), that the exposed 
surfaces of the pitchstone dikes in Arran are furrowed, with, undu- 
lating lines, resemblig^ certain varieties of marbl^xl ^nd which ^ 

evidently result from some corresponding differenceof lamiu|^ structure/’ 
t Personal Narrative, vol. i. p, 222. 
t Geological Transactions, vol. ii. (second series) p, 195. 

V 
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Utemiptedly for a great length in a veitieal direetion, and a|)- 
parently {mrallel to the walU of the diko^Uka inaaa. Von 
Btieh^ Ims dei^rU>ed at Teiierifie, a atreaiii of lava containing 
mnumerable, thin, plato-like cryatab of faldapar, which are 
arranged like white threada, one bdiind the other, and which 
mostly follow the same ilirection : Bolimieut alw) atate»» that 
the gray lavas of the in<Hlern cone of ViilcanO, which have a 
vitreous texture, are atreaketl with parallel white lines : he 
further desHTibes a solid pumice*stone which possesaea a fissile 
structure, like that of certain mieact?ous sidiisls. Phonolito, 
which I may obs^Tve is often, if not always, an injectfHl 
rcK*k, also, often has a fissile structure ; this is generally 
due to the paralli l position of the eiubeddcd crystals of feld- 
spar, but sometimes, as at FernaiHlo Ntwonha, seems to In* 
nearly iiidcjHunleiit of their presence.]: From tluvse facets 
we se<\ that various rocks of the feldsjmtliie series Imve 
either a laiuinatiKl or fissile structure, and that it oceurs 
both in masses, which have beem injected into ovt*rlying 
strata, and in others which have Howed as streanis of la\ a. 

The lamiruv of the beds, alternating with th(‘ obsidian at 
Ascension, dip h 1 a high angle under the nnaintain, at the 
base of which they are sittiated ; and they do not a])pear as 
if tVj&v bad lu^eii Ineliued bv violence, A high inclination is 
common to tln se ])eds in Mexico, Pern, and in some of 
the Italian Islamls on the other hand, in Hungary, the 

• Description dcs lies Canaries, p. IH4. 

t Voyage aux lies de Lipari, pp. 35 and KTj. 

4 In this case, and in lliat of the fissile pumicc-stone, the structure in 
very diflferent from that in the foregoing eaw’s, where the hiruince con- 
sist of alternate layers of different corn iK>sit ion or texture. In some 
sedimentary formations, however, which apparently arc homogeneous 
and fissile, as in glassy clay-slate, there is reason to believe, according 
to D’Aubuifison, that the laminic arc re^^lly due to exccRsivcly thin 
alternating, layers of mica. 

, § See Phillips^ Mineralogy, for the Italian Islands, p. 13(5. For, 
Mexico and Pern, see Iluml>oldt's Essai G^ognostique. Mr. Edwards, 
also, describes the high inclination of the obsidian rocks of the Cerro 
del Navaja in Mexico, in the Vroc. of the Geolog. Soc. for June, 1838. 
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layers are borizontal ; the laminsa, also, of soirie of the 
lava-streams above referred to, as far as can understand 
the descriptions given of them, appear to be highly inclined 
or vertical., I doubt whether in any of these cases, the 
laminsB have been tilted into their present position ; and in 
some instance, as in that of the trachyte described by Mr. 
Scrope,^ it is almost certain that they have lieen originally 
formed with a high inclination. In many of these cases, there 
is evidence that the mass of liquefied rock has moved in the 
direction of the laminse. At Ascension, many of the air- 
cells have a drawii-out appearance, and are crossed by 
coarse semi-glassy fibres, in the direction of the laminse ; 
and some of the layers, separating the sphaeriilitic globules, 
liave a scored appearance, as if produced by the grating of 
the globules. I have seen a specimen of zoned obsidian 
from Mexico, in Mr. Stokes’ collection, with the surfaces of 
the best-defined layers streaked or furrowed with parallel 
lines; and these lines or streaks precisely resembled those, 
produced on the surface of a mass of artificial glass by its 
liaving l>eeii poured out of a vessel. Humboldt, also, has 
described little cavities, which he compares to the tails of 
comets, behind sphternlites in laminated obsidian rocks from 
Mexico, and Mr. Scrope has described other cavities behind 
fragments embedded in his laminated trachyte, and which 
he supposes to have been produced during the movement 
of the mass.* From such facts, most authors have attributed 
the lamination of these volcanic rocks to their movement 
whilst liquefied. Although it is easy to perceive, why each 

♦ Geological Transactions, vol. ii. (second series) p. 5i00, &c. These 
embedded fragments, in some instances, consist of the laminated 
trachyte broken off and “ enveloped in those parts, which still re- 
mained liquid.'* Beudant, also, frequently refers, in hiS great work on 
Hungary (tom. iii. p. 386), to trachytic rocks, irregularly spotted with 
fragments of the same varieties, which in other parts form the parallel 
ribbons. In these cases, we must suppose, that after part of the molten 
mass had assumed a laminated structure, a fresh irruption of lava brokd. 
up the mass, and involved fragments, and that subsequently the whole 
became relaminated. 

F 2 
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sepurate air-cell, or each fibre in jnuuicc-atono,'* »lio«U 
drawn out in the dirtTtion i>f the im>viiig it w hy no 

means at first ohviims why such air-ccUs and fibres hIiouM 
be arrangetl by the movement, in tlie same planes, in lamitue 
absolutely straight and paniHcl to each other, and often of 
extreme tenuity ; aiuf’ still less ulwious is it, why such layers 
should come to be of slightly different composition* and of 
different textures. 

In endeavouring to make out the cause of the lamination 
of these igneous feldspathic roek.^, let us return to the facts 
so minutely described at Ascension. W v tberi* s(‘(\ that 
some of the thinnest layers are ehieflv fonn(‘d by ninuenms, 
exceedingly minute, though perfect, crystals of diHer»uit 
minerals ; that other layers are formed by tlie luiiou of dif- 
ferent kinds of concretionary globules, uml that the layers 
thus formed, often cannot be distiiignisluMl from tlu‘ ordinary 
feldsjmtliic and pitchstone layers, composing a largt* ]>«>rtion 
of the entire mass. The fibrous radiatimr strin t nre of the 
spluerulites seems, judging from many analogous cases, to 
connect the concretionary and crystalliiH* forces: the sepa- 
rate crystals, also, of feldspar all lie in the same ]mral!el 
j)Ianes.i' TIum* allied forces, therefore, have played an im- 
j>ortaiit ]»art in the lamination of the ma'^s, hut they cannot he 
Considered the ])Hinary force; for the s<‘verHl kinds of no- 
<lnl( s, botl» the smallest and largest, are internally /ojumI 
willi exc(*>'>ively tine sliades of euhmr, |)araliel to the lami- 
nation of the wliole ; and many of them are, also, extfuajally 
marke(l in tin* same direetion uith parallel ridges and fur- 
rows, whieh hav(‘ not Ixmui prodiici’d bv weathering. 

Some of the tiiiest streaks of ct*lour in tlie stony layers, 
alternating with the obsidian, can be <listinctly seen to be 

* Dolimieu’s Voyage, p. (>4. 

t Ihc formation, indeed, of a large erystal of any mineral in a rock 
of mixed composition, implies an aggregation of the requisite atoms, 
sdlied to concretionary action. The cause of the crystals of feldspar in 
these rocks of Ascension, being all placed lengthways, is probably the 
same witli that, winch elongates and Hattcns nil the brown sphttJrulitic 

globules (which behave like feldspar under the blow-pipe) in this Munc 
direction. 
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line loan incipient crystallization of the constituent minerals. 
Tlie extent to which the minerals have crystallized, can, 
also, l)(i distinctly seen to be connected witli the greater or 
less size, and with the number, of the minute, flattened, cre- 
nUiUted air-cavities or fissures. Numerous facts, as in the 
case of geodes, and of cavities in silicified wood, in primary 
rocks, * and in veins, show that crystallization is much 
favoured by space. Hence, I conclude, that, if in a mass of 
cooling volcanic rock, any cause jiroduced in parallel planes 
n mini her of minute fissures or zones of less tension, (which 
from the pent-up vapours would often be expanded into 
crenulated air-cavities,) the crystallization of the constituent 
parts, and jirobably the formation of concretions, would be 
snjierindiiml or much favoured in such planes; and thus, 
a laminated structure of the kind we are here considering 
would he g(‘nerated. 

That some cause does produce pandhd zones of less 
tension in volcanic rocks, during their consolidation, we 
imi'^t admit in the case of the thin alternate layers of 
obsidian and pumice des(‘rib(‘<l by Jluniboldt, and of the 
small, flatt(*u(‘d, crenulated air-cells in tlie laminated rocks 
of Asc(*nsion ; for on no other ])rinci])le can we conceive, 
why the confined vajKUirs should through their expansion 
form air-cells or fihr(*s in separate, parallel planes, instead 
of irregularly throughout the muss. In JVIr. Stokes’ col- 
lection, I have seen a beautiful example of this structure, 
ill a specimen of obsidian from Mexico, wliicli is shaded 
and zoned, like the finest agate, with nnmerons, straight 
parallel layers, more or less opacpie and wliite, or almost 
pei'l'ectly glassy ; the degn^e of opacity and glassiness de- 
piuiding on the number of microscopically minute, flattened 
air-c('lls ; in this case, it is scarcely jiossible to doubt but 
that the mass, to which* the fragment belonged, must have 
been sul>ject(Hl to souk*, jirobably prolonged, action, causing 
the tiuision slightly to vary in the successive planes. 

S(‘veral (*auses appear capable of producing zones of 
ditterent tension, in masses semi-liiiueficd by heat. 'In a 
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of deTitriilcd glsM, 1 have observed Isyen of 
•plt»ruUte» wlitch Appeared, from the manner in which they 
were abruptly lient, to have been produceil by the aimple 
contraction of the mans in the veiwel, in which it cooled. 
jUi certain dikes on Mount Etna, describeil by M. Elie do 
Beaumont,* a« Inirdered by nlteniatiug bauds of ^coriaceous 
and coiii|)act rot*k, one is 1«1 to suppose, that the stfctchinf; 
movement of the surrounding strata, which originally pro- 
duceti the fissures, contmuetl whilst the injecttnl rock 
rnuainetl Huid. tinidwl, however, by Professor I'orbos’t' 
clear description of the 2 om*d structure of glacier-ice, far 
the most probable evplnnatioii of the laiiiinaUsl structure of 
these IVhlspnthic riwk-s npjKnir!* to be, that they have In'cn 
stretched whilst slow Iv flowing onwards in a pa.s1) condition, | 
in jirecisely tin* sunn* inaiunT as Professor Forbes bc'licvcs, 
that the ice of imning tdaciers is strr tclied ami fissured. In 
both cases, tin* zotn-s may be eonipare«l fu tlio»e in the fini*'I 
agates; in both, tlie\ e\ten<l in the direction inoliich tlie 
mass 1ms floMfMl, ami thov<» rin th(‘ surfa<*(’ are 

generallv \ertical : in the iee, tin* jM»ron^ lainirive art* reii- 
ilfTtnl tli^tiner h\ th<* ‘-(ibstMjiu'iif eunut^Iation »>f intiltrated 
water, in the st<»n\ fehKpathie la\as, h\ sul>'-e(|iient er>stul- 
lint* and etmeretitmary action. Tin* fra‘,(iuent of glassy 
oh'^idian in ^Ir. Stokes’ eolleetitni, whi<‘h \h zom*<l ^^ith 
minntt' air-et‘lls, inn^'t strikingly reseinhle, judging fnun 
Prof<'ss<»r Forhes’ rleseriptions, a fragment of rlic zoiud 
iee ; and if tin* rate <if cooling and nature of the mass had 
bc‘en faAoiirahh* to its Vrystalli/af ion or to concretionary 
action, we should here have had the tinest )>arallc*l zone^ of 
diflUTent t*oinj)osition ami t(‘xtnre. In glaciers^ the lines of 

^ Mem iK)ur servir, <S:r , tom. iv. p. !:?!. 

t Kdinburpjh New Phil Journal, IS 12, p. .%50. 

t I puMimo lliat this is nearly the same explanation which Mr. 
Srrope had in his mind, when he speaks (Oeolog. Transact, vol. ii« 
bffond Hcnts, p. 22S; of the ribboned structure of liis trnchytic rocks, 
Inving arise n, from “ a linear extension of the mass, while in a state of 
nnpniect le|nidity, coupled with a concretionary process.’^ 
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porous ice and of minute crevices seem to be due to an 
incipient stretching, caused by the central parts of the frozen 
stream moving faster than the sides and bottom, which are 
retarded by friction : hence, in glaciers of certain forms and 
towards the lower end of most glaciers, the zones become 
liorizontaL May we venture to suppose that in the feld* 
spathic .lavas with horizontal laminae, we see an analogous 
case ? All geologists, who have examined trachytic regions, 
have come to the conclusion, that the lavas of this series 
have possessed an exceedingly imperfect fluidity ; and as it is 
evident that only matter thus characterized, would be subject 
to become fissured and to be formed into zones of different 
tensions, in the manner here supposed, we probably see the 
reason, why aiigitic lavas, which appear generally to have pos- 
sessed a high degree of fluidity, are not,* like the feldspathic 
lavas, divided into lairiinaD of different composition and texture. 
Moreover, in the augitic series, there never aj)pears to be 
any tendeney to concretionary action, which we have seen 
plays an important part in the lamination of rocks of the 
trachytic series, or at least in rendering that structure 
apparent. 

Whatever may be thought, of the explanation here 
advanced of the laminated structure of the rocks of 
the trachytic series, I venture to call the attention of 
geologists to the simple fact, that in a body of rock at 
Ascension, undoubtedly of volcanic origin, layers often of 
extreme tenuity, quite straight, and parallel to each other, 
have been produced ; — some composed of distintjt crystals of 
quartz and diopside, mingled with amorphous augitic specks 
and granular feldspar, — others entirely composed of these 
black augitic specks, with granules of oxide of iron, — and 

♦ Basaltic lavas, and man^^ other rocks, are not unfrequently divided 
into thick laminuj or plates, of the same composition, which are either 
straight or curved ; these being crossed by vertical lines of fissure, 
sometimes become united into columns. This structure seems related, 
in its origin, to that by which many rocks, both igneous and sedimentary, 
become traversed by parallel systems of fissures. 
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ImIIj, others fonned of crystaSine feldspar, in a more or 
less perfect state of patity, together with numerous crystals 
feldspar, placed lengthways. At this island, there is 
reason to believe, and in some analogous cases, it is certainly 
known, that the laminse have mriginally been formed with 
their present high inclination. Facts of tliis nature arc mani- 
festly of imjwrtanee, with relation to the structural origin of 
that grand series of plutonic rocks, whidi like the volcanic 
have undergone the action of heat, and which consist of 
altemate layers of quartz, felds|>ar, mica, and other nimerals. 



73 


CHAPTER IV. 


ST. HELENA. 

Lavas of the feldspathic, basaltic, and submarine series— Section of Flag- 
staff Hill and of the Bam—Dikes— Turk’s Cap and Prosperous Bays- 
Basaltic ring— Central crateriform ridge, with an internal ledge and a 
parapet— Cones of phonolite— Superficial beds of calcareous sandstone— 
Extinct land-shells— Beds of detritus— Elevation of the land-Denuda- 
lion — Craters of elevation. 


The whole island is of volcanic origin ; its circumference, 
according to Beatson * is about twenty-eight miles. The cen- 
tral and largest part consists of rocks of a feldspathic nature, 
generally decomposed to an extraordinary degree ; and when 
in this state, presenting a singular assemblage of alternating, 
red, purple, brown, yellow, and white, soft, argillaceous beds. 
From the shortness of our visit, I . did not examine these 
beds with care ; some of them, especially those of the white, 
yellow, and brown shades, originally existed as streams of 
lava, but the greater number were probably ejected in the 
form of scoriae and ashes : other beds of a purple tint, por- 
phyritic with crystal-shaped patches of a white, soft sub- 
stance, which are now unctuous, and yield, like wax, a 
polished streak to the nail, seem once to have existed as solid 
claystone-porphyryes:. the red argUlaceous beds generally 
have a brecciated structure, and no doubt have been formed 
by the decomposition of scoriae. Several extensive streams, 
however, belonging to this series, retain their stony character* 
* Governor Beatson’s Account of St. Helena. 
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ihme we either of a bliieluHh-grt?eii colour, with minute 
neicuW cryirtnU of fetd»jitiT, or of a very imb tin^ and 
almoi^t coiiii>osed of minute, often i«caly, cry»tala of feldajmr, 
abounding with microHCopiettl hlaek HjH'ckii ; they are gene- 
rally coiu|>act and lauiiuaUHl; othen^, however* of similar 
composition, are cellular and somewhat deeoin|H>actL None 
of these rocks contain large crystals of feldspar, or lyiva the 
harsh fracture peculiar to tracliyte. Thcsi^ feldspathic lavaa 
and tuffs, are the upjHTiiiost or those lust eruptisl; innn- 
uierable dikes, lio\vevt*r, and great nuisses of iuolU*n rock, 
have subsequently l>ecn injected into them. They converge* 
as they rise, towards the ct ntral curvetl ridge, of w Inch one 
point attains the elc\atl*)n of fe(‘t. This ridge la the 
highest land in tlie island ; and it miec fonnnl the iiortheni 
rim of a great crater, wdienec the lavas of tliis s<»ries Howetl; 
from its ruined eoinlitiin^ from the MOitlieni half liaving 
been reniuve<l, and from ihe\hdi»nt disloealiori which the 
wdioh^ island has undergone, it'^ structure is renderiHl very 
obscure. 

srrit's . — Th<‘ iuargit‘ <d‘ dn* island is fornu^l by a 
rude cirele of great, black, stnifilied, ramparts uf basalt, 
dipping seaward, and w orn into cliffs, w hich are oftt n nearly 
p(‘rpendieular, and \ ary in height from a fi w hundred feet to 
two thousand. This <»irele, or ratlier Imrse-shoe shft[»ed ring, 
is op^u to the south, aiid is breached by several other wide 
spates. Its rim <»r summit geiuu’ally projects little above 
the level of the adjuiuing inland country ; and the mure retiCrit 
febKpialiie lavas, >l()ping down from the central heights, 
gcmerally aluit against and overlap its inner margin ; on the 
mntli-wcsiern side of the islainl, however, they ap|^>ear 
^ juflging Irnm a distance) to have flow'ed over and COn» 
ceiil( (l portions of it. In some parts, where the biisaltic 
ring has been bn‘afdied, and the black rani]>arta stand 
dftarhed, the feldspathic lavas have passed between theisii 
and now overliaug the sea-couHt in lofty cliffs. The baaaltic 
rocks are (>t a Idaek colour and thinly stratificil ; they are 
generally highly \<?sicular, but Tx^casionally compact ; uome 
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of them contnin Diiineroafl crystals of glassy feldspar and 
octahedrons of titaniferous iron ; others abound with crystals 
of angite and grains of olivine. The vesicles are frequently 
lined with minute crystals (of chabasie?) and even become 
amygduloidal with them. The streams are separated from 
each other by cindery matter, or by a bright red, friable, 
saliferous tuff, which is marked b^ successive lines like 
those of aqueous deposition ; and sometimes it 1% an 
obscure, concretionary structure. The rocks of this basaltic 
series occur nowhere except near the coast. In most volcanic 
districts the trachytic lavas are of anterior origin to the 
basaltic ; but here we see, that a great pile of rock, closely 
related in comi)osition to the trachytic family, has been 
erupted subsequently to the basaltic strata : the number, 
however, of dikes, abounding with large crystals of augite, 
with which the feldspathic lavas have been injected, shows 
perhaj)s, some tendency to a return to the more usual order 
of superposition. 

Btisul submarine lavas , — The lavas of this ba.sa1 series lie 
imniediuti’ly beneath both the basaltic and feldspathic rocks. 
According to Mr. Seale,* they may be seen at intervals on 
the sea-beach round the entire island. In the sections 
which I examined, their nature varied much ; some of the 
^strata abound with crystals of augite ; others are of a 
brown colour, cither laminated or in a rubbly condition ; and 
many juirts are highly amygdaloidal with calcareous matter. 
The successive sheets are either closely united together, or 
are separated from each other by beds of scoriaceous rock, 
and of laminated tuff, frequently containing well rounded 
fragments. The interstices of these beds are filled with 
gypsum and salt ; the gypsum also, sometimes occurring in 
thin layers. From the large quantity of these two sub- 
stances, from the presence of rounded pebbles in the tufl&, 
and from the abundant amygdaloids, 1 cannot doubt that 

• “Geognosy of the Island of St. Helena.’’ Mr. Seale has con- 
structed a gigantic model of St. Helena, well worth visiting, which is 
now deposited at Addiscombe College, in Surrey. 



76 


»T. UBlMHJk. 


[enAt. tv. 


these basal volcanie stiata AowimI beneath the aea* This 
remark ought perhaj^s to l>e extendocl to a part of the atiper- 
ineumWtit bas^tie rocks ; but on this {Kuntt I WM not able 
to obtain clear evideiu*e. The strata of the banal aeries, 
wherever 1 exainiucHl them, were intersected hy an extra- 
ortlinary number of dikes. 

Flagstaff llill and the Bam. — I will now describe aome of 
the more remarkable and will commence with these 

two hills, whieli fonu tin* }>riiiet[ial external feaiare on tlie 
iiortli-easteru side of the island. The sijimre, angular out- 
lint*, iiud black colour of tlie llariu at once show that it 
belongs to the basaUic stTies; whilst the stiUHtth, Conical 
tigure, and the vurietl bright tints of FlagstaH' Hill, rtnider 
it e<jnally clear, that it is com{H^si f)f the Hoftent'd, fold- 
spathic rot'ks. Tliese two lofty hills are t‘onmH:t<sl (as is 
shown in the accompanying wtHwl-cut) by a sharp ridge, 

No. 8 . 



Fl.’wf-stalT Hill. Tlie Barn. 

ft'. t if >5'* fr'Ht hkjfh, 

'Hm* doubl*’ linfi n‘pr*:4«nit ih« basaltic «traU ; IIm* hnaa) lliMS doUviit 

Iho upi)er ftld^piatiic ctmU; tta* wr».> iitiad«<l tranaurmly. 

which is compostMl of the rubbly lavas of the basal seru?s. 
The strata of iliis ridge dip westward, the inclination l>€- 
coiniiig less and less towards the Flagstaff ; and the upper 
feldspathic strata of this hill can be seen, though with some 
difHculty, to dip conformably to the W.S.W. ('lose to the 
Barn, the strata of the ridge are nearly vertical, bat are 
iinich o]>scured hy innuin<?rable dikes ; under tliis hill, they 
pr«))»ahiy change? from being vertical, into being inclined into 
an o])])osite direction ; ft)r the upper or basaltic strata, which 
are ai)out HDO or KjOO feet in thickness, are inclined north- 
eastward, at an angle between thirty and forty degrees. 

ThiH ndKc. and likewise the Barn and Fliigetaff HUls, aro 
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interlaced by dikee, many of which preserve a remarkable 
parallelism in a N.N.W. and 8.S.E. direction. The dikes 
chiefly consist of a rock, porphyritic with large crystals of 
augitc; others are formed of a flne-grairied and brown- 
coloured trap. Most of these dikes are coated by a glossy 
layer, ♦ from one to two-tenths of an inch in thickness, 
which, ludike true pitchstone, fuses into a black enamel ; 
this layer is ‘evidently analogous to the glossy superficial 
coating of many lava-streams. Tlie dikes can often be 
followed for great lengths both horizontally and vertically, 
and they seem to preserve a nearly uniform thickness :+ 
Mr. Seale states, that one near the Barn, in a height of 
1200 feet, decreases in width only four inches, — from nine 
feet at the bottom, to eight feet and eight inches, at the top. 
On the ridge, tlu; dikes appear to have heen guided in their 
course, to a considerable degree, by the alternating soft and 
hard strata : they are often firmly united to the harder 
strata, and they preserve their parallelism for such great 
lengths, that in very many instances it was impossible to 
conjecture, which of the beds were dikes, and which streams 
of lava. The dikes, though so numerous on this ridge, arc 
even more numerous in the valleys a little south of it, and 
to a degree I never saw equalled any where else : in these 
valleys they extend in less regular lines, covering the ground 
w^ith a network, like a spider’s web, and with some parts of 
the surface even appearing to consist wholly of dikes, inter- 
laced by otlier dikes. 

From the complexity produced by the dikes, from the 

♦ This circumstance has been observed (Lyell, Principles of Geology, 
vol. iv, chap. x. p. 9) in the dikes of the Atrio del Cavallo, but appar- 
ently it is not of very common occurrence. Sir G. Mackenzie, however, 
states (p. 372, Travels in Iceland) that all the veins in Iceland have a 
“ black vitreous coating on their sides.” Capt. Carmichael, speaking 
of the dikes in Tristan D’Acunha, a volcanic island in the southern 
Atlantic, says (Linnican Transactions, vol, xii. p. 4S5) that their sides, 

where they come in contact with the rocks, are invariably ia a semi- 
vitrified state.” 

t Geognosy of the Island of St. Helena, plate 5. 
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high inclifuitioii and antidtnal dip uf the atMte of the haaal 
li^riea, which arc overiaid, at the op|K>fiito imd« dt Iho thort 
ridge, by twi> great miis^j^cj* of different agea and of differetti 
coiiiiK>!*itiori, I am not HiirprintHl that thk aingnlar aociioa 
has k'cn inisniulcrstiKMi It has even been anppimHl to 
fonn juirt of a cniter; hut so far b this from having been 
the case, that the suniniit of Fliigslaff HiU, onw fonrnt^l the 
lower extremity of ai sheet of lava and ashea, which were 
erujitiHl ffotn the eeutrah crateriform ridge* Judging from 
the slo|K‘ of ilie cuniemporaiieoua streams in an adjoining 
aiud undisturbed {mrt of the island, the strata of the Flag- 
staff Ililh must havc^ Iw^en iiptiirncHl at hmst twelve hundr<?d 
fei't, and prohahly mueh more, for tin* great truncateil dik<?s 
on its summit show that it has been largely demidtHi. Tlie 
summit of this hill now' nearly tMjiials in height the cratcri- 
form ridge; and Indore ItaviiJg Ikhui di nnded, it was prohahly 
higher than this rulge, from wdiieh it is sejmratal by a 
broad and nnudi lower traet of eountrv : we heri% therefore, 
sec that the U»wer extremity of a <(d of !ava-str« ;ims have lK?cn 
tilUsl up tons great a lieight as, or perhaps greater Indght than, 
tin* crater, down the flanks of whieh they originally Howtnl. 
I In lieve tliat <lisloeations on s<> grand a scale are extremely 
rart*^ in vol(‘anie districts. 1*lie formation of Mich nmnhers 
of dike^ in this part, of the islaml, shown that the tiiirface 
imist here have been stretelied to a tpiite extraordinary 
(h'gree : tliis stretching, on the ridge between Flagstaff and 
Barn flilb, jirobably took place subseipieiitly (though 
])erh«ips imiiu'diately S4») to the strata Wing tilted ; for had 
tln‘ strata at tliat time extended horizontally, tlu‘y would in 
all probahllity have h(*en fissured and injeeUxl transversely, 
instead of in the jdanes of their stratification. Altlioiigh 
the space between the Barn and Flagstaff Hill, presenta a 
distinct antielinal line exteniling north and south, and though 
most of the dikes range with much regtilarity in the «iano 

* M. Constant Prevost (Mem. do la Soc. G<^*olog. totn. ii.) obicrves, 
t lat les produits volraniqucR n’ont que localcmcnt ct rarement mfeOMi 
derange le sol, A iravers kquel iU at sont fait jour.’* 
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line, nevertheless, at only a mile due south of the ridge, the 
strata lie undisturbed. Hence the disturbing force seems to 
have acted under ^a point, rather than along a line. The 
manner in which it has acted, is probably explained by the 
structure of Little Stony-top, a fountain 2000 feet high, 
situated a few miles southward of the Barn ; we there see, 
even from a distance, a dark-coloured, sharp, wedge of com- 
pact columnar rock, with the bright-coloured feldspathic 
strata, sloping away on each side from its uncovered apex. 
This wedge, from wliich it derives its name of Stony-top, 
consists of a body of rock, which has been injected whilst 
liquefied into the overlying strata ; and if we may suppose 
that a similar bo<ly of rock lies injected, beneatli the ridge 
connecting the Barn and Flagstaff, the structure there ex- 
hibited would b<‘ exjdained. 

Turks Cap and Prosperous Bays , — Prosperous Hill is a 
great, black, precipitous mountain, situated tw^o miles and 
a-half south of the Bara, and comj)osed, like it, of basaltic 
strata. TJiese rest, iii one part, on the brown-coloured, por- 
phyritic beds of the basal series, and in another part, on a 
fissured mass of highly scoriaeeous and amygdaloidal rock, 
which seems to have foniunl a small point of eruption be- 
neath the sea, contemporaneously with tlie basal series. 
Pros]>erous Hill, like the Barn, is traversed l>y many dikes, 
of wdiieh the greater number range north and south, and its 
strata dip, at an angle of about 2(P, rather obliquely from 
the island towards the sea. The space between Prosperous 
Hill and the Barn, as represented in this wood-cut, consists 

No. 9. 



Pro»pcrou« Hill. The Barn. 

The double Unot reprotent the basaltic strata; the single, the basal sabmarlnc strata; the 
dotted, the upper feldspathic strata. 


r 

of lofty cUffa, composed of the lavas of the upper or feld- 
spathic series, which rest, though uncouformably, pn the 
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bMil Mlnilltriiiie itrata, m wc have «»ii that th^ do at 
HUi. Diffenmtly, however, from lo that hul, these 
ttpper strata are nearly horizontal, gently, riring towards the 
interior of the island ; and they are composed of greenish* 
htadk, or more comni|gnly, pale*brown, compact laves, 
instead of softened and highly coloured matter. These 
bfown-coloured, compact lavas, consist almost entirely of 
small glimmering scah^s, <w of minute ucicular crystals, 
of feldspar, placed close l>y the side of each other, and 
abounding with minute black specks, ap|>arently of horn* 
blende. Tlte basaltic strata of l*rosperous Hill project only 
a UtUe above the level of the gently-sloping, fehlsjiathic. 
streams, whicb wind round and abut against their upturn)^ 
etiges. The inclination of the basjiltic strata seems to l)e too 
great, to have heeti caus<?d by their having (lowed down s 
slope, and they must have lM*en lilted into their pr«*sent jMwi* 
tion, bt?fore the eruption f»f the feldspathic streams. 

Basaltic rimj. — Procc-eding rouml the island, the lavas of 
the upjwr series, southward of 1‘rosperous Hill, overhang 
the sea in lofty precipices. Further on, the headland, called 
Great Stony-toji, is ooiiiposed, as I lieli«;ve, of basalt ; as is 
Long Range l\)int, on the inland side of which, the colourefl 
hods ahnt. On the southern side of tfie island, we we the 
basaltic strata of the South Barn, dipj)ing oMi(juely seaward 
at a considerable angle; this headland, also, stands a little 
above the level of the more nuHlern, feldspathic lavas. Fur- 
ther on, a large space of coast, on each side of Sandy Bay, 
has Itei'ii much denuded, and there seems to be left only the 
basal wreck of the great, central crater. ITie basulUo strata 
reappear, with their seaward dip, at the foot of the hill called 
Man-and-IIorse; and thence they are continued along the 
whole north-western coast to Sugar-Loaf Hill, aituated near 
to the Flagstaff; and they every whore have the same sea- 
ward inclination, and rest, in some parts at least, on the 
lavas of the basal series. We thus see that the circumfer* 
ence of the island, is formed by a much-broken ring, or 
rather a horse-shoe of hasalt, open to the south, and inter- 
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rupted pn the ewtiern mde by many wide breaches. The 
breadth of thia mai^nal fringe on the noctte-westem sidp, 
where alone it is at all perfect, apprars to vary from a mile 
to a mile and a>half. The basaltic strata, as well as thoi^ of 
the subjacent basal series, dip, widi a moderate inclination^ 
where they have not jbeen subsequently disturbed, towards 
the sea. * The more broken statOi, of the basaltic ring round , 
the eastern half, compared with the western half of tbf 
island, is evidently due to the much greater denuding power 
of the waves on the eastern or windward side, as is shown 
by the greater height of the cliffs on that side, than to lee- 
ward. Whether the margin of basalt was breached, before 
or ■ after the eruption of the lavas of the upper series, is 
doubtful; but as separate portions of the basaltic ring 
appear to have been tilted before that event, and from other 
reasons, it is more probable, that some at least of the 
breaches were first formetl. Reconstructing in imagination, 
as far as is possible, the ring of basalt, tbe internal space or 
hollow, which has since l>cen filled up with the matter erupted 
from the great central crater, appears to have been of an 
oval figure, eight or nine miles in length by about four miles 
in breadth, and with its axis directed in a N. E. and S. W. 
line, coincident with the present longest axis of tlie island. 

The central curved ridge . — This ridge consists, as before 
remarked, of gray feldspathic lavas, and of red, brecciated, 
aigillaceous tuffs, like the beds of the upper coloured series. 
The gray lavas contain numerous, minute, black, easily 
fusible specks ; and bat very few large crystals of feldspar. 
They are generally much softened; with the exception of 
this character, and of being in many parts highly cellular, 
they are quite similar to those great sheets of lava which over- 
hang the coast at Prosperous Bay. Considerable intervals of 
time appear to have elapsed, judging from the marks of de- 
nudation, between the formation of the successive beds, of 
which this ridge is composed. On the steep northern slope, I 
observed in several sections a much worn undulating sur&ce 
of red tuff, covered by gray, decomposed, felclspathio lavas, 

o 
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idUi only ft tlim wurthy layer int«rpo#«l betirew I« 

an adjoimiig part, 1 noticed a f®* 

off and covered up by the feldapathie lava, a* w repreaenM 
in tka wood-cut. TUe ridge taids on the aaatem aide m 

No. 10. 



I^Ortiy fi l.l<pathie Utn. 

ff — A layt-r, «‘Hi* inch In thU'knw#, of A firddlah OAftky UVAttOf" 

8--Bre<‘oUw».^, rod, ftrgilltUHHMi* tuft, 

a hook, wliioli is not roproscnte«l cloarly rnou|jh in any map 
which 1 have sim^u ; tttwanl'< the wtrstern end, it grailnally 
slopes down and divuhs into si'verul suh<»rdinate ridges. 
The K‘st (letiiuHl portion between Diana .s Peak and 
Jiest liodgi*, wliieh supports tin* highest pinnaeles in the 
island vurving from 2000 to 2T<Ki feet, is rather It^s than 
three miles long in a straight line. Througliont this space 
the ridge has a nnifunn appearance ami structure; its cur- 
vature reseinhles that of the eoast-line of a great hay, hiung 
made up of many smaller curve.s, all open the south. 
The northern and outer side is supported l>y narrow ridges 
or l)uttress(‘s, which slope* down to the adjoining country. 
The inside is imieli st<*ej»er, and is almost prK'ipitouB ; it is 
fonued of the basset edges of the strata, which gently de- 
cline outwards. Ah>ng some parts of the inner ^ide, a little 
way h(‘neatli the summit, a Hat hslgc f^xtends, which imitates 
in outline the smaller curvatures of the cre«t. .Li*<lge« of 
this kind occur not unfrc?cjuently within volcanic cratera^ and 
their formation seems to he due to the sinking down of a 
level slioet of hardened lava, the* edges of which remain 
(like the ice round a pool, from which the winter has been 
(Iruiiuid) adhering to tlie Bides.* 


• A most romnrkahlc instance of thiii ntnicture i« dcffcritjcd In Bill*’ 
PolyAosifin Researches (second edit ), whm an admirable drawing 
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In 90Me the ridge in surmounted by a wall or para- 
pet, perpendicular on both sides. Near Diana’s Peak this 
wall is extremely narrow. At the Galapagos Archij)elago 
I obsenred parapets, having a quite similar structure and 
appearance, surmounting several of the craters ; one, which 
I more particularly examined, was composed of glossy, red 
scoriaa fi Anly cemented together ; being externally perj^ndi- 
cular, and extending round hearly the whole circumference 
of the crater, it rendered it almost inaccessible. The Peak 
of Teneriffe aAd Cotopaxi, according to Humboldt, are 
similarly constructed ; he states^ that at their summits a 
circular wall surrounds the crater, which wall, at a distance, 
has the appearance of a small cylinder placed on a truncated 
cone. On Cotopaxi + this j>eculiar structure is visible to the 
naked eye at more than 2000 toises’ distance ; and no person 
has ever reached its crater. On the Peak of Teneriffe, the 
parapet is so high, that it would be imj)ossible to reach the 
enhiera, if on tlie eastern side there did not exist a breach/* 
The origin of these circular parapets, is probably due to the 
heat or vapours from the crater, j>enetrating and hardening 
the sides to a nearly e(jnal depth, and afterwards to the 
mountain being slowly acted on by the weather, which would 
leave the hardened part, [>rojecting in the form of a cylinder 
or circular parapet. 

From the points of structure in the central ridge, now 
enumerated, — namely, from the convergence towards it of 
the beds of the upper series, — from the lavas there becom- 
ing highly cellular, — ^^from the flat ledge, extending along its 
inner and precipitous side, like that within some still active 
craters, — from the parapet-like wall on its siunmit, — ^nd 
lastly, from its peimliar curvature, unlike that of any com- 
mon line of elevation, I cannot doubt that this curved ridge 
forms the last remnant of a great crater. In endeavouring, 

given of the successive ledges or terraces, on the borders of the inunensc 
crater at Hawaii, in the Sandwich Islands, 

♦ Personal Narrative, vol. i. p. 171. 
t Humboldt’s Picturesque Atlas, folio, pi. 10 

o 2 
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iMMrefWt to tnm its former outline, one w soon biffled i its 
western extremity gindually 8lo{K>!ii down, end bntnolting 
into other ridges* extends to the sea-^joast ; the OMtern end 
is more curved, but it is only a Uftle better defined* Scune 
appearances lead me to suppose, that the southern wall of 
the crater joined the present ridge near Nest liodga; in this 
case the crater must have l)een nearly three miles long, and 
about a mile and a-half in breadth. Had the denudation of 
the ridge, and the decoin[K>sition of its constituent rocks, 
proceeded a few steps further, and had this ridge, like 
several other parts of the island, been brt^ken up by great 
dikes and masses of injectc*<i matter, we should in vain have 
endeavoured to discover its true nature. Even now we 
have seen, that at Fhigstaff Hill, the lower extremity and 
most distant portion of one tiliect of the eniptid matter, has 
been ujdieaved, to as great a height as the crater down 
W'hich it flowed, ami probably even to a greater height. It 
is interesting thus to tnice the steps, by wliich the structure 
of a volcanic district becomes ol>sc'iiri*il, iiml finally obli- 
terated : so near to this last stage is St. Helena, that I 
believe no one has hitherto Husp<>eted, that the central ridge 
or axis of the island, is the last wrcH'k of the crater, whence 
the must modern volcanic streams were poured forth. 

The great hollow space or valh’v southward of the central 
curved ridge, across which the half of the crater mtiat once 
have extendetl, is formed of hare, water-w'orn hillocks and 
ridges of red, yellow, and brow^n rocks, mingleil together in 
chaos-like confusion, interlaced by dikes, and without any 
regular stratiflaition. The chief part consists of rctl decom- 
posing scoria>, associated with various kinds of tuff and 
yellow argillaceous Ixids, full of broken crystals, tJioso of 
augite being particularly large. Here and there masses of 
highly cellular and amygdaloiclar lavas protrude. From 
one ot the ridges, in the midst of the valley, a conical preci- 
pitous hill^ called Lot, boldly stands up, and forms a most 
singular and conspicuous object. It is compow^d of phono- 
ite, i\u cd in one part into great curved lamin«B,m another, 
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into angnlnr oonerettonary balls, and in a third part, into 
outwardly radiating columi^ At its base the strata of lava, 
tnif, and scorue, dip away on all sides:* the uncovered 
portion » ld7t feet in height, and its horizontal section 
gives an oval figure. The phonolite is of a greenish-gray 
colour, and is full of minute acicular crystals of feldspar ; in 
most parts it has a conchoidal fracture, and is sonorous, yet 
it is crenulated with minute air-cavities. In a 8.W. direc- 
tion from Lot, there are some other remarliable columnar 
pinnacles, but of a less regular shape, namely, Lot’s Wife, 
and the Asses’ Ears, composed of allied kinds of rock. 
From their flattened shape, and their relative position to 
each other, they are evidently connected on the same line of 
fissure. It is, moreover, remarkable, that this same N.E. 
and S.W. line, joining Lot and Lot’s Wife, if prolonged, 
would intersect FlagstaflF Hill, which, as before stated, is 
crossed by numerous dikes running in this direction, and 
which has a disturbed structure, rendering it probable that 
a great body of once fluid rock lies injected beneath it. 

In this same great valley, there are several other conical 
masses of injected rock, (tnie, I observed, was composed of 
compact greenstone) some of which are not connected, as 
fer as is apparent, with any line of dike ; whilst otheps are 
obviously tlms connected. Of these dikes, three or four 
great lines stretch across the valley in a N.E and S.W^. 
direction, parallel to that one connecting the Asses’ Ears, 
Lot's Wife, and probably Lot.' The number of these masses 
of injected rock, is a remarkable feature in the geology 
of St. Helena. Beside those just mentioned, and the hypo- 
thetical one beneath Flagstaff Hill, there is Little Stony-top 

• Abich, in his Views of Vesuvius (plate vi.), has shown the manner 
in which beds, under nearly similar circumstances, are tilted up. The 
upper beds are more tunied-up than the lower $ and he accounts for 
this, by showing that the lava insinuates itself horizontally between 
the low'er beds. ' 

t This height is given by Mr. Seale, in his Geognosy of the island. 
The height of the summit above the level of the sea, is said to be 1444 
feet. 
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mi otlim, nji 1 have rea^ofi to believe, at the Mae^aiid- 
Horae, and at High Hill, Moat of these niaeaea, if not all 
of them, have been injtHrted, aubsecjnently to the last volcanie 
emptiona from the central crater, Tlie formation of eonical 
boaaes of rock on lines of fissure, the walls of which are in 
most cases parallel, may probably be attributed to ine- 
qualities in the tension, causing small transverse fissures; and 
at these points of intersection, the edge's of the strata would 
nutorally yield, and be easily turned upwanls* Finally, 
I may remark, that hills of phonolite everywhere are apt^ 
to assume singular and even grotesque shafK's, like that of 
Ix)t: the |>eak at Fernando ^foronha otters an instanee; 
at St, Jago, however, t!ie cones of phonolite, though ta}M*r- 
ing, have a regular form. Supiiosiiig, as siH*ms probable, 
that all such hillocks or oladisks have originally lKH?n 
injected, whilst li(jut fied, into a mould fomitnl by yitdding 
strata, as ceiiairdy lias been flie cast' witli liOt, how are wo 
to account for the frc(|ueat ahrnptness and singtdarity of 
tlieir outlines, coin[uired with similarly inj<*cU*<l luassies <‘f 
green>ttme and basalt ? Can it be due tu a less jx*rfe<*t 
degree < 4 ' tluiility, which is generally supposed to be charac- 
ten>tii: the allied, traehytic lavas i 

Sujierjidal dejMsits. — !>oft calcareous samlstone occufH in 
extensive, though thin, su|H‘rficiH! hetls, both on the northern 
arul soutliern sliores of the island. It consi»t« of very 
minute, e(|mtl-sized, roiimled particles of shells, and other 
organic bodies, wliieh partially retain their yellow, brown, and 
])ink colours, and occusionally, though very rarely, present 
an obscure trace of their original external formg, I in vain 
endeavoured to find u single unrolhal fragment of a shclh 
The colour of tlu? partiedes, is the most obvious cbataCtcr, 
by wliich their origin can be recognized, the tints being af- 
iceted (and an odour prmluced) by a mwlerate heat, in the 
same mamier as in fresh shells. The particle# are cemented 
togctlicr, and are mingled with some earthy matter: the 

• I) AiibuiKson, in his Traits* dc G^ogaosic (tora. ii. p. 540), particu- 
larly r^Mnarks that thus Iv the case. r / r 
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pturest inu»e«, Eocordiog to Beatson, contain 70 per cent, of 
carbonate of lime. The beds, varying in thicknem from two 
or three feet to fifteen feet, coat the surfece of the ground ; they 
generally lie on that side of the valley which is protected from 
the wind, luid they occur at the height of several hundred 
feet above the level of the sea. Their position is the same, 
which aand, if now drifted by the trad^wind, would oc- 
cupy ; and no doubt they thus originated, which explains 
the equal size and mbuteness of the particles, and likipise 
the entire absence of whole shells, or even of moderately- 
sized fragments. It is remarkable that at the present day, 
there are no shelly 'beaches on any part of the coast, whence 
calcareous dust could be drifted and winnowed ; we must, 
tlierefore, look back to a former jjeriod, when, before the 
luiul was worn into the present great precipices, a shelving 
coast, like tlmt of Ascension, was favourable to tlie accumu- 
lation of shelly detritus. Some of the beds of this limestone 
are between 000 and 700 feet above the sea ; but part of this 
height may {tossibly be due to an elevation of the land, sub- 
sequent to the accumulation of tlie calcareous sand. 

The percolation of rain-water has consolidated parts of 
these beds into a solid rock, and has formed masses of dark 
brown, stalagmitic limestone. At the Sugar-Loaf quarry, 
fragments of rock on the adjoining slopes,* have been 
thickly coated by successive fine layers of calcareous matter. 
It is singulUr, that many of these pebbles have their entire 
surfaces coated, without any point of contact having been 
left uncovered ; hence, these pebbles must have been lifted 
up by the slow deposition between them, of the successive 
films of carbonate of lime. Masses of white, finely oolitic 
rock are attached to the outside of some of tliese coated 

* In the earthy detritus on Beveral parts of this hill, irregular mosses 
of very impure, crystallized sulphate of lime occur. As this substance 
is now being abundantly deposited by tlte surf at Ascension, it is 
possible that these masses may thus have Originated ; but if so, it most 
have been at a period, when the land stood at a much lower level. This 
earthy selenite is now found at a height of between 600 and 700 feet. 
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IM^bles. Von Bneh has describe n eomtwet Itmostone at 
Lanaarote, which seems perfectly to resemble the stalagasitic 
deposition just mentioned : it coats pebbles, and in parts is 
finely oolitic : it forms a far-extended layer, firom one inch to 
two or three feetin thickness, and it occurs at the height of 
800 feet above the sea, but only on that side of the udand 
exposed to the yiolent north-western winds. Von Bach 
remarks,* that it is not found in hollows, but only on the 
unbroken and incUneil surfaces of the mountain. He be- 
lieves, that it has been (ieposited by the spray which is 
borne over the whole island by these violent winds. It 
apjiears, however, to me much more probable that it has 
bwn formed, as at Helena, by tlie |>ercolatiou of water 
through finely eomminuted shells ; for when sand is blown 
on a much exjMwed coast, it always lentls to accumulate on 
broad, even surfaces, which otter a unifomi resistance to the 
wiuds. At the neighbouring island, niortfover, of Feurte- 
ventura,f there is an rarthy limestone, which, according to 
Von Bnch, is quite similar to s{>eeimeii» which he has seen 
from St. Helena, and which he l>elieves to have Ixfcn fonned • 
by the drifting of shelly detritus. 

TJie upper ImhIs of the limestone, at the alwive-nientioned 
quarry on the Sugar-Loaf Hill, are softer, finer-grained and 
less pure, than the lower he<ls. They aboun*! with frag- 
ments of land-shells, and with some perfect omw ; they con- 
tain, also, the hones of hirda, and the large eggs, "apparently 
of water-fowl. It is probable that these upper beds re- 
mained lo?ig in an unconsolidaUtl fonn, during which time, 
these terrestrial priMluetions were cmlicdded, Mr. G. K. 
Sowerby has kindly examined three 8|>ccie8 of land-shells, 
wfiich I procured from this ImkI, and his d««criptions arc 


* Description (Ics Isles CanBricfl, p. 293 . 

+ Idem, pp. 314 and 374. 


'Vilkes, in a catalogue presented with soma speehnCnt to 
nnp ‘hat as many as ten eggs We« found by 

on tK*7e"gg*t ' remarked (flcolog. Trans, vol. v. p, 47 ^ 
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given in the Appendix. One of them is a Sncdnea, identical 
with a species, now living abundantly on the island : the two 
others, namely, Coehhgma fouHUf and Helix bipUeata, tu« 
not known in a recent state: the latter species was also 
found in another and different locality,’ associated with a 
species of Cochlogena, which is undoubtedly extinct. 

Bedti^ exiinet Land-shells, all of which ap- 

pear to species now extinct, occur embedded in earth, in 
several parts of the island. The greater number have been 
found at a considerable height on Flagstaff Hill. On the 
N.W. side of this hill, a rain-channel exposes a section of 
about twenty feet in thicknera, of which the upper part 
consists of black vegetable mould, evidently washed down 
from the heights above, and the lower part of less black 
earth, abounding with young and old shells, and with their 
fragments: part of this earth is slightly consolidated by 
calcareous matter, apparently due to the partial decompo- 
sition of some of the shells. Mr. Seale, an intelligent resi- 
dent, who first called attention to these shells, gave me a 
•large collection from another locality, where the , shells 
appear to have been embedded in very black earth. Mr. 0. 
11. Sowcrby has examined these shells, and ha* described 
them in the Appendix. There are seven species, namely, 
one Cochlogena, two species of the genus Cochlicop4, and 
four of Helix : none of these are known in a recent state, or 
have been found in any other country. The smaller species 
were picked out of the inside of the large shells of the 
Cochlogena auris-mlpina. This last-mentioned species is in 
many respects a very singular one ; it was classed, even by 
Lamarck, in a marine genus, and hafing thus been mistaken 
for a sea-shell, and the smaller accompanying species hdVing 
been overlooked, the exact localities where it was found, 
have been measured, and the elevation of this island thus 
deduced ! It is very remarkable that all the shells of this 
species found by me in one spot, form a district variety, as 
described by Mr. Sowerby, ^m those procimid from ano- 
ther locality by Mr. Seale. As this Cochlogena is a laige 
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aii4 oontipieiioiiB $heU, 1 {milictilarty enquired from loreral 
iiileUigent countrymen whether they had ever iseen it alive ; 
lliey all aasured me Umt they had noty and they would not 
even believe that it waa a land animal : Mr* t^ealo^ moreoTer» 
who waa a collector of sheila all his life at 8t, Helena^ never 
met with it alive. Possibly some of the astialler species may 
turn out to be yet living kinds ; but^ on the other hand, the 
two land*shells which are now living on the island in g^^^at 
imnibers, do not occur cndmldcd, m far as is yet known, 
with tlie extinct sjHH^ics, I have shown in iny Journal,^ that 
the extinction of these huid-shclls possibly may not l>c an 
ancieiit event ; as a greait change took place in tlie staUt of 
the island about 12^) years ago, when the t>ld trt»<\s die<l, and 
were not replaccnl by young ones, tlus^; Iwiiig ib^stroytHl 
by the goats aiul hogs, which had run wild in niimbei^, 
from the year 1 Mr. Seale stut<*s, tliat on Flagstatf 

Hill, where we have M^eu that the embeddtsl huid-sliells are 
espeeially ninuenois, traces are t‘very where discoverable, 
which plainly iiiilicute that it was once thickly clothed witli 
trees; at pres<‘iit not even a bush grows th<Te. Tin* thick 
bed of* black vegetable luuuld wbicfi covers the sbcll-l>ed, on 
the Hanks of this lull, was probaldy washed d(>wn from the 
np}MT part, as M)on us the trees perisheil, Uiid the shelter 
atfonled Ijv them was h»st. 

FJt Vidian nf thv lamL — Seeing that the lavas of the l>a«al 
scricM, which are of suliinariiu* origin, are raiseil ulKive the 
levt 1 of tlie S4 U, and at some places t4> the height of many 
himdrrd feet, I lookctl out for su|H’rficiu} signs of the 
ele\ation of tin* land, 'fhe h<»ttoms of some of the gorges, 
which (h >ccnd to tin- coast, are tilled nj) to the depth of alxuit 
:i inunln*d by rudely divided laytu’s of sand, muddy clay, 
and fraginentary masses; in lliies<* l»eds, Mr. Scale has found 
dac hums of th(‘ tropic-bird and of the albatross; the former 
now rarely, and the latter never visiting the island. From 
ihe dilh K Ix-twi'cn these layers, and the sloping piles of 

detritus which rest on them, I suspect that they were 

* bxanal cf Ueitcarches, p 582. 
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deposited, when tlie gorges stood beneath the sea. Mr. Seale, 
moreover, has shown that some of the fissure-like gorges,* 
become, with a concave ootUoei gradually rather wider 
at the bottom, than at the top ; and this peculiar structure 
was probably caused by the wearing action of the sea, when 
it entered the lower part of these gorges. At greater heights, 
the evidence of the rise of the land is even less clear : never- 
theless, in a bay-like depression on the table-land behind 
Prosjierous Bay, at the height of about 1000 feet, there are 
Hat-topped masses of rock, which it is scarcely conceivable, 
could have been insulated from the surrounding and similar 
strata, by any other agency than the denuding action of a 
sea-beach. Much denudation, indeed, has been effected at 
great elevations, w'hich it would not be easy to explain by 
any other means ; thus, the flat summit of the Barn, which is 
'2()()0 feet high, presents, accorduig to Mr. Seale, a perfect 
net-work of truncated dikes ; on hills like the Flagstaff, 
formed of soft rock, wc niiglit suppose that the dikes had 
b(!en worn down and cut off hy meteoric agency, but we can 
hardly suppose this possilde with the hard, basaltic strata of 
the Bam. 

Coast denudation . — The enomious cliffs, in many parts 
between 1000 and 2000 feet in height, with wliieli this prison- 
like island is surrounded, with the exception of only a few 
placi's, where narrow valleys descend to the coast, is the 
most striking feature in its scenerj'. We have seen that 
j)ortions of the basaltic ring, two or three miles in length by 
one or two miles in breadth, and from one to tw'o thousand 
feet in height, have been wholly removed. There are, also, 
ledges and hanks of rock, rising efut of profoundly deep 
water, and distant from the present coast betw'een three and 
four miles, which, according to Mr. Scale, can be traced to 
t!u« shore, and are found to be the continuations of certain 
well-known great dikes. The swell of the Atlantic ocean 
has obviously been the active power in forming these cliffs ; 

• A fissure-like gorge, near Stony-top, is said by Mr. Seale to be 840 
feet deep, and only 115 feet in width. 
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and it is interesting to oHeerve that the lesser, though still 
great, height of the cliffs on the leeward and pardally pro. 
teeted side of the island, (extending from the Bngar.Loaf 
Hill to South West Point,) corresponds with the lesacr 
degree of exposure. When reflecting on the eoiuparatively 
low coasts of many volcanic Islands, which also stand exposed 
in the open ocean, and are apyrnrently of considerable 
antiquity, the mind recoils from an attempt to graap the 
number of centuries of exposure, necessary to have ground 
into mud and to have dispersed, tlie enormous cubic mass of 
hanl rock, which has be<*n pared oft’ the oircumfercnce of 
this island. The contrast in the superficial state of St. 
Helena, compared with the nearest island, nanielv, Ascen- 
.sion, is verj' striking. At Ascension, the surface of the 
lava-Btreaius are clossy, as if just inmnsl forth, their boun* 
daries are well defined, and they can often lie traceil to 
perfect craters, whence they were erupU*!! ; in tlie course of 
many long walks, I did not observe a single dike ; and the 
coast round nearly the entire eiremnference, is low, and has 
been eaten back (though too much stress must not he jdaced 
on this fact, as the island may have been subsiding) into a little 
wall only from ten to tliirty fe<?t high. Yet during the 340 
years, since Ascension has been known, nut even the feeblest 
signs of voleanie action have Iveeu recorded.* On the other 
hand, at tst. Helena, the cotirse of no one stream of lava can 
he traced, either by the state of its boundaries or of it* 
snjierfi( i«;s -, the mere wreck of one great crater is left ; 
not the valleys only, hut the surface of some of the 

» In the Nautical Magazine for 1835, p. W2, and for 1838, p, 361, 
and in the Comptes Ilcndufi, April, 1838, accounts arc given of a scries 
of volcanic phenomena— earthquakes -troubled water— floating scorim 
and columns of smoke— which have been observed at intervals since 
the middle of the last century, in a space of- open sea between longl- 
tu es and 22^ west, about half a degree south of the equator. 

icst acts seem to show, that an island or pn archipelago is in process 
of formation in the middle of the Atlantic: a line joining St. Helena 

canic acUor*”’ ‘h»* ‘lowly nascent focu* of Vol- 
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highest hills, are interlaced by worn-down dikes, and, in 
many places, the denuded 8i«^|Wts of great cones of injected 
rock stand exposed and nalEed ; lastly, as we have seen, 
the entire circuit of the island has been deeply worn back 
into the grandest precipices. 

Craters of Elevation. 

There is much resemblance in structure and in geological 
history between 6t. Helena, St. Jago, and Mauritius. All 
three islands are bounded (at least in the parts, which I was 
able to examine) by a ring of basaltic mountains, now much 
broken, but evidently once continuous. These mountains 
have, or apparently once had, their escarpements steep 
towards the interior of the island, and their strata dip out- 
wards. I was able to ascertam, only in a few cases, the 
inclination of the beds ; nor was this easy, for the stratifi- 
cation was generally obscure, except when viewed from a 
distance. I feel, however, little doubt that according to the 
researches of M. £lie de Beaumont, their average inclination 
is greater than that, which they could have acquired, con- 
sidering their thickness and compactness, by flowing down a 
sloping surface. At St. Helena, and at St. Jago, the basaltic 
strata rest on older and probably submarine beds, of diflerent 
composition. At all three islands, deluges of more recent 
lavas liave flowed from the centre of the island, towards and 
between the basaltic mountains ; and at St. Helena, the 
central platform lias been filled up by them. All three 
islands have been raised in mass. At Mauritius, the sea, 
witliin a late geological period, must have reached' to the 
foot of the basaltic mountains, as it now does at St. Helena ; 
and at St. Jago, it is cutting back the- intermediate plain 
towards them. In these three islands, but especially at St. 
Jago and at Mauritius, when standing on the summit of one 
of the old basaltic mountains, one looks in vain tow’ards the 
centre of the island,— the point, towards which the strata 
beneath one’s feet and of the mountains on each side, rudely 
converge, — for a source whence these strata Could have been 
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erupts ; but one »ce«i only a rmi hollow [ilatforni atrrtchecl 
beneath^ or piles of matter of more nstmi oripfin* 

These basaltic luoiinfaiiis eoiwe, I preaume, into the elaiw 
of Craters of eleration : it is iminaterial whether the rings 
were ever eomplHely ft^rnusl, for the |mrti^iis which now 
exist, have so iinifonii a structnns that, if they do not fonii 
fragments of true craters, they eaniiot lie classed with ottlt* 
narv lines of elevation. With respect to their origin, after 
having read the works of Mr. LyeU,^ and of MM. C. 
l^revost and Virlet, 1 cannot believe, titat the great cirntral 
hollows have been formetl by a simple doine-shajHHl elevation, 
and the t^nsequent arching of the stmta. C )n the otlu r hand, 
I have very great diffieiilty in admitting, that these laisahie 
moantains ar<^ merely the hasa! fragmmts of great volcanos, 
of which the suntniits have either been blown ott* ot* more [iru- 
bahly swallowe<l up hv stihsidence. Tlu^e rings are iii some 
instances so immense, ns at St. Jagoaml at Manritins, and 
their ocenrreme U so freqmmt, that I ran hardly perstiade 
myself to adopt this ex[)lanation. Mor<H>ver, I suspect that 
the followiiig circumstances, from their fn^pient eoncur- 
rence, are someway connected togetluT, — a coinK clion not 
implied in either of the alcove views ; natnely, rir>t, the broken 
state of the ring, showing that the now detH<*lH*d portions 
have heen exjKised to great denndafion, and in some eases 
)>erhaps, rendering it prolmble that tin* ring never was 
<‘ntire ; se<H)iidly, the grc‘at autfamt of matter enipted from 
tlu* central an^, after or during, the formation of tlie ring ; 
and thirdly, the elevation of the district in mass. As far as 
relates to tlie inclination of the strata heiiig greater than 
that, w hich the basal fragments of ordinary volcanos wH)itld 
naturally p<issess, I can readily believe that this inclination 
Tinght have heen slowly acrpiircd by that amount of elevation, 
of which, acconling to M. Elie de J5eaumoiit, the numerous 
uj)til](‘rl Hssures or dikes are the evidence and the measure," 
ri\ie\v c(puilly novrl and important, which wx* owe to the 
re.searcli(‘h of that g(‘(»logist on Mount Etna. 

' l'rjnciek‘8 of Gfology (fiftli edit.), vol. il p. 171. 
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A conjecture, including the above circnmgtances, occurred 
to me, when, — with my mind IbJly convinced from the pheno- 
mena of 1835 in South America,* that Uie forces, which eject 
matter from volcanic orifices and raise continents in mass, 
are identical, — I viewed that part of the coast of St. Jago, 
where the horizontally upraised, calcareous stratum dips into 
the sea, directly l)eneath a cone of subsequently erupted 
lava. Tlie conjecture is, that during the slow elevation of a 
volcanic district or island, in the centre of which one or 
more orifices continue open, and thus relieve the subter- 
ranean forces, the borders are elevated more than the 
central area; and that the portions thus upraised, do not 
slope gently into the central, less elevated area, as does the 
calcareous stratum under the cone at St. Jago, and as does a 
large part of the circumference of Iceland, t hut that they 

• I liave given a detailed account of these phenomena, in a paper read 
before the Geological Society in March, IS38. At the instant of time, 
when an immense area was convulsed and a large tract elevated, the dis- 
tricts immediately surrounding several of the great vents in the Cordillera 
remained quiescent ; the subterranean forces being apparently relieved 
by the eruptions, which then recommenced with great violence. An 
event of soniewliat the same kind, but on an infinitely smaller scale, 
appears to have taken place, according to Abich (Views of Vesuvius, 
plates i. and ix.), within the great crater of Vesuvius, where a platform 
on one side of a fissure was raised in mass twenty feet, whilst on the 
other side, a train of small volcanos burst forth in eruption. 

t It appears, from information communicated to me in the most 
obliging manner by M, E. Robert, that the circumferential parts of 
Iceland, which are composed of ancient basaltic strata alternating with 
tufl', dip inland, thus forming a gigantic saucer. M. Robert found that 
this was the case, with a few and quite local exceptions, for a space 
of coast several hundred miles in length. I find this statement 
corroborated, as far as regards one place, by Mackenzie, in his Travels 
(p. 377), and in another place by some MS, notes kindly lent me by 
Dr. Holland. The coast is deeply indented by creeks, at the head of 
which the land is generally low. M. Robert informs me, that the 
inwardly dipping strata appear to extend as far as this line, and that 
their inclination usually corresponds with the slope of the surface, from 
the high coast-mountains to the low land at the head of these creeks. 
In the section describe4 by Sir G. Mackenzie, the dip is 12®. The 



96 


CRAIfll* or BUrVATIOK. 


[OUAP. IV. 


«ni MfMMtBdi from W by ctured foult*. We iii%bt expect 
from wbat we see along^ordinary frmUs, tlwit Uie strata 
oft tbe upraised side, already dipping; outwarda from their 
original formation as lava-streams, wonid l»e tilted from the 
line of fruit, and thus have their inclination increased. 
According to this hypothesis, which I am tempted to extend 
only to some few cases, it is not probable that the ring 
would ever be formed quite jwrfect ; and from tbe elevation 
being slow, the upraised jwrtions would generally be ex- 
posed to much denudation, and hence the ring become 
broken ; we might also expect to find occasional inoijualities 
in the dip of the upraistHi niassts, as is the case at Bt. Jago. 
By this hypothesis, the elevutiou of the districts in mass, and 
the flowing of deluges of lava from the central platforms, 
are likewise connected together. On this view, the marginal 
basaltic mountains of the three forcg(»ing islands, might still 
be considered as forming, “ Craters of elevation the kind 
of elevation implied having bwn slow, ami the central 
hollow or platform having l>eeii formed, not by the ardung 
of the surface, but simply by that part Imving been upraised 
to a less liciglit. 

interior {mrts of the island chiefly consist, as far as is known, of 
recently erupted matter. The great sise, however, of Iceland, equalling 
the bulkiest jxart of England, onght perhaps to exclude it from the 
class of islands we have twen consideiiugi btM I cannot avoid suspee^ 
ing that if the coast-mountains, instead d gently sloping into the less 
elevated central area, had been separated from it by irregularly Curved 
faults, the strata would have been tilted seaward, and a “ enter of 
elevation,” like that of St. Jago or that of Mauritius, but of mnch vastef 
dimensions, would have been formed. I will only further remark, that 
tbe frequent occurrence of extensive lakes at the foot of large volnnos, 
and the frequent association of volcanic and fresh-water stnta, tenn to 
indic-ate that the areas around volcanos arc apt to be depressed beneath 
the general level of the Bfljoining country, cither from having been 
less elevated, or from the efiects of subsidence. 
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CHAPTER V. 

QAhA9AQO$ ARCBIPBUIOO. 

Chatham J uland^ Oraters empastd oj a peculiar kind of tuff^Smail 
basaltic craters^ with hollows at their bases — Albemarle Island^ fluid ' 
lavaSi their eompositimi — Craters of tuff^ inclination of their exterior 
diverging strata, and structure of their interior converging strata — 
James Island, segment of a small basaltic crater : fluidity and compo- 
sition of its lata streams, and of its ejected fragments — Concluding re- 
marks on the craters of tuff, and on the breached condition of their 
southern sides — Mineralogical composition of the rocks of the archipe- 
iago—EUv<ition of the land — Dirfction of the fissures of eruption. 

This archipelago is situated under the Equator, at a distance 
of between five and six Inmdred miles from the west coast 
of South America. It consists of five principal islands, and 
of several small ones, which together are equal in area,* but 
not in extent of land, to Sicily conjointly with the Ionian 
islands. They are all volcanic: on two, craters have been 
seen in eruption, and on several bf the other islands, streams 
of lava have a recent appfearSance. The larger islands arc 
chiefly composed of solid i%k, and they rise with a tame 
outline, to a height of between one and four thousand feet. 
They are sometimes, but not generally, surmounted by one 
principal orifice. The craters vary in size from mere spira- 
cles to huge caldrons, several miles in circumference; they 
arc extraordiii#rily numerous, so that I should think, if 
enumerated, they would be found to exceed two thousand ; 

* I exclude from this measurement, the small volcanic islands of 
Culpepper and Wenman, lying seventy miles northward of the group. 
Craters were visible on all the islands of the group, except on Towers 
Island, which is one of ihe lowest; this island is, however formed of 
volcanic rocks. 

H 
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they ate fo?m^ either of ^corite nnd lava» or of a brown 
coloiirai tuft'; uud the'^e latter eniler^ are in 
rtuaarkaUe. The whole {rroup was surveyeil by the ofHeers 
of the Ihnigle. 1 visited luys^df hair of the )>nnci|nU inlands^ 
and received sjaTiuiens from ull the others, (Jiuler the heft<l 
of the dittVrent islands, 1 wdll describe only that which 
appears to me deserving of attention. < 

Xo, 11. 

Cuip^jptrl, 
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(’hath AM Island. Craters romjnmd of a sinffuhr kind of 
toff. Towards the eastern end *>i this island, there occur two 
erarers, <*on»j»os<*d of two kimls of tulf; one kind Indug friable, 
like slightly c^)nsolidat^•d aslies ; and the otlu!^ conqmct, and 
of a ditferent natiin* from any thing, whieh I have met with 
dr-f rilK*d. T his latter suhstunci^ wlnh'e it is best characterixetl, 
IS of a yelh)vvishd»rf)\vn eolour, trunsliieent, and with a lustre 
sonu wliat r. -^oinlding resin ; it is brittle, w ith an angular, 
rough, ,um 1 very ii regular Iraetiire, so)netiines, how^ever, being 
^ ^ghtly giannhtr, and even obseurtdy crystalline : it can 
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readily be scratebed with a knife, yet some points are hard 
enough just to mark common glass; it fuses with case into a 
blackinh-green glass. The mass contains numerous broken 
crystals of olivine and augite, and ainall panicles of bhu-k 
and brown scorisc: it is often traversed by tlun seams of 
calcareous matter. It generally aflV*cta a nodular or con- 
cretionary structure. In a hand gpecinieii, tliis substance 
would certainly be mistaken for a pale and f>eculiar variety 
of pitchsfone; but when seen in mass, its stratification, and 
the numerous layers of fragments of basalt, both angular 
and roundcil, at once render its subaqueous origin evident. 
An examination of a series of specimens, shows that this 
resiu-like substance, results from a chemical change on small 
particles of pale and tlark-colourcnl, scoriaceoiis rocks ; and 
this change could be distinctly traced in difterent stages, 
round the edges of even the same particle. The position 
near the coast, of all the craters comi>osed of tliis kind of tuff 
or jxjperino, and their breached condition, renders it pro- 
bable that they were all formed, when standing immersed in 
the sea; considering this circumstance, together with the 
remarkable absence of large beds of ashes in the whole 
archipelago, I think it highly probable, that much the 
greater part of the tuft‘ has originated, from the trituration of 
fragments of the gray, basaltic lavas, in the mouths of craters 
standing in the sea. It may he asked, whether the heated 
w’ater wutliin these craters, haa prmluced this singular change 
in the small scoriaceous particles, and given to them their 
translucent, resin-like fracture? Or has the associateil lime 
played any pait in this change? I ask these (juestions, from 
having found at St. Jago, in the Cape de Verde Islands, that 
where a great stream of molten lava has flowed over a cal- 
careous bottom, into the sea, the outermost film, which in 
other parts resembles pitehstone, is changed, apparently by 
its contiict with the carl)oiiato of lime, into a resin-like sub- 
stance, precisely like the best characterized specimens of 
the tuft' from this archipelago.'*^ 

♦ The concretions containing lime, which I have described at 
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To TCtimi to the twormteiv : one 4>f them nt tim 

dktanee of a leajjftie fnun tlie eoast, the intervening tract 
coujiintiug of a ealeiiretuiH tntf^ apjmreiitly of ^ntnnitrine 
origin. This crater consists of a <‘irele of hillS) aome of 
which stand quite detacluHl, hut all have n very regular, qufi*' 
qua vcrsal dij), at an incliimtioii of lK*iwcvn thirty mid forty 
degrees. Tlie lower bcsls, to the thickness of several hundrinl 
feet, consist of the resindike stone, with emlK»ddeil fragments 
of lava. The upper beds, whieli are between tfiirty and 
forty fec‘t in thickni‘^<, are composed of a thinly stratirted, 
fine-grained, har^li, friulilr, brown-eoloured tulF, or 
rino.’* A central uki'hh witheut any stratificaliim, which 
must fonnerlv Iiav<* o<*cti]ned the hollow nf the crater, but is 
now aftaehivl oiilv to a frw of the (ircninfirf^ntial hills, 
consists of a tufi*. intermediate in eharaet<‘r between that 
with a resiadik(\ and that uith an eartliy fraetnri\ This 
mass contains uhit(' caleaiaon^ matt<T iii small patelns. 
The s(M*nml rrar(‘r ( Vjo IWl in lieiuhti must have existed, 
until the eruption fd' ji re«‘eaf, threat -treani of lava, as a 
S(‘parate i>let : a fine ^t^ tion, worn l»v the >ea, shows a graml 
fnnnel-'-hajM*d mass of hasult, •‘Uironuelt d Uv ^t(-ep, sloping, 
nauks of tuff, having in parts uu earthy, and in others, a 
s<.iiii-re>iuous fra(‘ture. 'I’ite tu.lf i> tra^t r^^eMl by several 
broad, vertical dikes^ witli ‘^moiah and parallel sides, wbieh 
I did not doubt w'ere funm d ♦>!’ basalt, until 1 aetuully broke 
off Iragineuts. Thoe dikes. lu>w< ver, emisist of tuff like 
that of the surrounding strata, Ijiit inure eojn[met, and with 
a smoother fracture ; henec mc must conclude, that fissuro 
were fonm*d and tilhal np with tin' finer rand or tuff from 

A>(:rnsion, ;ls lormccJ in n bed of ashcH, present some degree of rcsem- 
idanre to suli^tlanrc, but they have not a resinous frAClitre. At St. 
H’ uiia, 1 found v< ins of a wmicwhat simllnr, <?ompacb but non* 
n ,.inou^ ‘>ub,tnn<'«>, o<’C(jrring in a lu-d of pumiceous ashcii, apparently 

tr. from Ch\r:irvuxi^ njatler : in neither of tdics^c couhl heat have 
net (j1 

I ho-,c 'js who restrict ilu* term of tutl* to ashcH of a white 

cf)loi.r, rr,s\iUiji.: ^firition of fcidhpatluc lava«, would call these 

brown-*ool()urc<l MrjUri “ peperino.” 
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the crater, before it« interior vra» occupied, as it now by a 
solidified pool of ba.salt. Cfflier fissures have been subse- 
quently formed, parallel to these singular dikes, and arc 
inerely filled with loose rubbish. The change from ordinary 
scoriaeeous particles to the substance with a semi-resinous , 
frmjture, could be clearly followed in portions of the compact 
tuff of these dikes. 

At the distance of a few miles from these two craters, 
stands the Kicker rock, or islet, remarkable from its singular 
form. It is iinstratified, and is com|>osed of compact tuff, 
in parts having the resin-like fracture. It is probable that 

No. 12. 
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tJlis amorphous mass, like that similar mass in the case first 
described, once filled up the central hollow of a crater, and 
that its Hunks, or sloping walls, have since been worn quite 
away by the sea, in which it stands exposed. 

Small basaltic craters . — A bare, undulating* tract, at the 
eastern end of Chatham Island, is remarkable from the num- 
Iwr, proximity, and form of the small basaltic craters with 
which it is studded. They consist, either of a mere conical 
pile, or, but less commonly, of a circle, of lilack and red, glossy 
scoria?, partially cemented together. They vary in diameter 
from 30 to 150 yards, and rise from about 50 to 100 feet 
above the level of the surrounding plain. From one small 
(uuinence, I counted sixty of these craters, all of which were 
within a third of a inile from each otlier, and many were 
much closer. I measured the distance between two very small 
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craters, and found that it was only thirty yard* from the 
smnniit'rim of one, to the riiu^f the other. Small atreams 
of black, l>asaltic lava, containing olivine and rowch glairy 
feldspar, have flowed from many, hut not from all of theto 
craters. The surfaces of the more recent atrcama were ex- 
ceedingly rn^gtM.1, aiul wen* by great the 

older streams wen* only a little less ruggcsi ; and thf^y were 
all blemled and mingled together in complete confusion. The 
lUfiereiit growth, however, cjf the trt»es on the streams, often 
plainly umrk<‘d their diHeri'nt ages. Hud it not lK*eii for 
this hitter chanicter^ tlu‘ streams <*onM in few easevs have 
lieen distiugnished ; ami eonMM|nentlv , llfn wide nndidatory 
tract might have, (as prubably many traits huvi*,) lu'en C|jro- 
neonsly eonsidered as funned by one gnat deluge of lava, 
instead of by a multitude of small streams, (*rupteil from 
many siball orifices. 

In several parts of this tract, and esj^ccially at the base of 
the small craters, there arc circular pits, w ith perpendicular 
sides, from tw'enty to forty feet deep. At tin* foot of one 
small erater, there w^re tliree of these pits. Thc*y have 
probalily been formed, by the falling in of the roofs of small 
caverns/*^ In other parts, there an* inaimnitbnn hillocks, 
which resemble great bubbles of lava, with their summits 
ti>sured by irregular cracks, ivhieh appeare<l, upon entering 
tluiji, to be very deep; lava has not Mowed from these 
hillocks. TIu re are, also, other very regular, mammiform 
liilloeks, composed of stratified lava, and surmounted by 
circular, stei p-sided liollows, which, I suppose have been 
fornusl by a body of gas, first, arching the strata into one of 
the bubble-like hillocks, and then, blowing off ita suniinit. 
Tlioe several kinds of hillocks and pits, as well as the 
numerous, small, scoriaceoiis craters, all show that this tract 
has been penetrateil, almost like a sieve, by the passage of 

♦ M. hhu (Ic Bt auniont lias described (Mem. j)our «crvlr, Sic*, tom. 
IV p l .1) many “pctin cinpicsi d'lJbeulemcnt ” On Kin*, of some of 
whidwthc origin is hiUorically known. 
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heated vapoure. The more regular hillocks could only have 
been heaved up, whilst the lava was in a softened state.* 

Alebim^lE Island. — ^This island consists of five, great, 
flat*topped craters, which, together with the one on the adjoin- 
ing island of Narborough, singularly resemble each other, in 
form and height The southern one is 4700 feet high, two 
others nre 3720 feet, a third only 50 feet higher, and the 
remaining ones apparently of nearly the same height. Three 
of these are situated on one line, and their craters appear 
elongated in nearly the same direction. The northern crater, 
which is not the largest, was found by the triangulation to 
measure externally, no less than three miles and one-eighth 
of a mile, in diameter. Over the lips of these great, broad 
caldrons, and from little orifices near their summits, deluges 
of black lava have flowed down their naked sides. 

Fluidity of different lavas. — Near Tagus or Banks’ Cove, 
I examined one of these great streams of lava, which is 
remarkable from the evidence of its former high degree of 
fluidity, especially when its composition is considered. Near 
the sea-coast this stream is several miles in width. It 
consists of a black, compact base, easily fusible into a black 
bead, w^ith angular and not very numerous air-cells, and 
thickly studded w^ith large, fracturcil crystals of glassy 
albite,t varying from the tenth of an inch to half-au-inch, in 

• Sir G. Mackenzie (Travels in Iceland, p. 3S9 to 392) has described 
a plain of lava at the foot of Hecla, everywhere heaved up into creat 
bubbles or blisters. Sir George states that this cavernous lava com- 
poses the uppermost stratum; and the same fact is affirmed by Von 
Buch (Descript, des Isles Canaries, p. 159), with respect to the b^altic 
stream near liialejo, in Teneriffe. It appears singular that it should 
be the upper streams that are chiefly cavernous, for one sees no reason 
why the upper and lower should not have been equally affected at 
different times j—have the inferior streams flowed beneath the pressure 
of the sea, and thus been battened, after the passage through them, of 
bodies of gas ? 

•f In the Cordillera of Chile, I have seen lava very.closely resembling 
this variety at the Galapagos Archipelago, It contained, however, be- 
sides the albite, well-formed crystals of augite, and the base (perhaps in 
consequence of the aggregation of the augitic i>article8) was shade 
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aiameter, Thi« lavn, nlthough at sight appearing 
ommontly ix^rphyriti^*, cannot properly he eonrideml so, for 
tlie crystals have evidently hetni envelojwHl, r^nindeil, and 
penetrated hy the lava, like iragineuts of foreign roek in a 
trai>Hlike. This was very clear in some s}MH*imeiis of a 
similar lava, from Abingdon Island, in which tho only dif- 
ference w«as, that the vesicles were spherical and more 
muneroUvS. The alhite in thes<' lavas is in a similar <wtdition 
with the lencite of Vesuvius, and with the olivine, d<writ>ed 
hy Von Bnch,* as projt'cting in great halls from the basalt of 
Laiizarote. Besides the alhite, this lava eontains scattered 
grains of a gnvn mineral, with no distinet cleavage, and 
closelv resemhling oliviiu ;!' hut as it fuses easily into a 
grt'en glass, it helengs prohahly to tlie augilic family: at 
,Iam(>s Inland, howe ver, a similar lava <‘<»ntnined true oliviiH\ 
I obtained sj»eeiiiiens from the actual surface, and from a depth 
of fi»ur feet, hut th(»y diHere<l in lio resp«'ct. Tlie higli 
degrt'f' of Huidity of this la\a-stream wa^^ at once evident, 
from its smooth and g(mtly sloping surfact% from the manner 
in winch the main stream was divhh'd hy small itUMpialities 
into little rills, and especially from tlie manner in which its 
eilgf's, far Ixdow its source, and wliere it mnst have Ihhui in 
MUiie degree eoohsl, thinned out to alnu^st nothing ; the 
actual margin consisting of lo(»>e frag^ments, few of which 
NV(‘]*e larger than a mairs liead. 4die contrast hetween this 
iiiargin, ami tin* sli'cp walls, above twenty fecU high, hounding 
nut#) of the basaltic! streams at Ascension, is very remark- 

colour. I may here remark, that in all these ca%c«, I call tho 
icUl/>]jathic (!ry.>t:J'», (ilbiti , from their clcavagf-plrines (a» meaBiued by 
tlie refh-ctiiig goiii(am;fcrj rorresj.oiuling with thohC of tliat imneral. 
As, )iovvo\(:r, oilier sperit s of this geruxs have latcdy bceti dUcovercd to 
‘ leave in nearly the same planes with alhite, thin determination must 
l»e eiHisidcred as only provisional. I examined the crystals in the 
ia\,i^s of many ditrermu parts of the (iaiai>agoH group, and i found tliat 
n<me (d I hem, u it h the exception of home erysUiU from one t>art of 
Jiimis M-.n.l, rl,.,iv(;a ill tin- aircetJon ofintliilc or imtiwh-feldstiHr. 
i>( !-cn],iii,n ill", l.-.K-.s CaiiurifS, |). 20.). 
t lluml.olilt iiK-htiohs tlu»t he inihtook a K'^ecn augitic niincrRl, oc- 
carnng m il,t, volcaui,; roekb of (he Coraillera of Quilo, for oUvmC. 
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able. It baa generally been auppoml that lava# abounding 
with large eryataK and ineluding angular xmielen^^ have 
pom’^sed little fluidity; but we aee that the ca»e hm \>een 
very different at Albemarle lalaud. The degree of fluidity 
in diflerent lavaa, doea not aeein to eorreapond with any 
apparent correaj>ondiiig amount of differenee in their eoni- 
!>03ition : at Chatham Island, some streams, containing 
much glassy albite and some olivine, are m rugged, that 
they may be comparcfl to a sea, frozen during a storm ; wbUat 
the great stream at Albemarle Islantl, is almost as smooth 
as a lake, when ruffled by a breeze. At James Island, 
black basaltic lava, abounding with small grains of oliv'ine, 
presents an intermediate degree of roughness ; its surface 
ikying glossy, and the detached fragments resembling in a 
very singular manner, folds of drapery, cables, and pieces of 
the hark of trees.f 

Craters of tnjf \—Aho\xt a mile southward of Banks' Cove, 
there is a fine elliptic crater, al>out oOO feet in depth, and 
three (juarters of a mile in diameter. Its bottom is occupied 
l>y a lake of brine, out of wliicb some little craterifona hills 

• The irregular and angular form of the vesicles, is probably caused 
by the unequal yielding of a mass composed, in almost equal pro[>orlion, 
of solid crystals and of a viscid base. It certainly seems a general cir- 
cumstance, as might have been expected, that in lava, which has 
{>o88essed a high degree of Ouidity, o# irell as an vtten-6i:ud gram, the 
vesicles are internally smooth and spherical. 

t A specimen of basaltic lava, with a few small broken crystals of 
albite, given me by one of Uie officers, is j)erhaps worthy of description* 
It consists of cylindrical ramifications, some of which are only the 
twentieth of an inch in diameter, and are drawn out into the sharpest 
points. The mass has not been formed like a stalactite, for the points 
^terminate both upwards and downwards. Globules, only the fortieth of 
an inch in diameter, have dropped from some of the points, and adhere 
to the adjoining branches. The lava is vesicular, but the vesicles never 
reach the surface of the branches, wdiich are smooth and glossy. As it 
is generally supj>osed that vesicles are always elongated in the direction 
of the movement of the fluid mass, I may observej^^hat in these cylin- 
drical branches, which vary from a quarter to only the twentieth of an 
inch in diametcri every air-cell is spherical. 
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of tuff me. The lower be<l» are forinoil of eompaei ap- 
peariog like a subaqueous deposit; whilst the upper hedli^ 
rottiul the entire eircmuferenci% consist of a barah« friable 
tuff, of little siiecific gravity, but often contuimug fragmenta 
of rock in layers. This upjxtr tuff eontama umiieroita 
pisoUtic balls, about the size of sninll bullets, which differ 
from the siirroiuuUng matter, only in Ixuiig slightly* harder 
and finer grained. The beds dij> away rery regularly ott all 
sides, at angles varying, as 1 found by measurtnneai, from 25 
to 30 degrees, Tlu‘ external surface of the cniter slopes at 
a nearly similar inclination ; and is formeil by slightly convex: 
ribs, like those on the shell of a pectea at scallop, which lH>come 
broader as they extend from the numth of the cniter U> ita 
base. These ribs an' generally from eight ti> twenty feet in 
breadth, but sometimes they are as much as forty feet broad; 
and they resemble old, plastere<l, much Hattene<l vaults, with 
the plaster sealing off in plates: they are separated from 
each oth(?r by gullies, deepened by alluvial action. At their 
ui>per and narrow ends, near the mouth of the crater, these 
ribs often consist of real hollow passages, lik(‘, but rather 
smaller than, those oft<'n fonne<I by the cooling of the crust 
of a lava-stream, wliilst the inner parts have tb>we<l on- 
ward ; — of w hich structure I saw many examples at (,'hathain 
Island. There can be no doubt, but that thescf Indlow ribs or 
vaults have Ix'en formed in a similar manner, namely, by the 
setting or hardening of a superficial crust on stream^s of 
mud, wliich have flowed down from the upper part of the 
crater. In another part of tliis same crater, I saw of>ea 
concave gutters, between one and two feet wide, which ap- 
peared to have been fonnetl by the hardening of the lower 
surfac(i of a mud-stream, instead of, as in the fonner caso,^ 
ot the upper surface. From these facts, I think, it is eertaiu, 
that the tuft* must have flowed as iviiid.^ This mud may 


This coaclusiou is of some interest, because M. Dufr^xoy (Mcni^ 
pour s^:rvir, tom. iv. p. 274) htm argued from strata of tuff, apparently 
or similar composition with that here described, being incUned at 
angles between Itf and 20', tliat Monte Nuevo and aome other c»tei* 
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hare been fonned either within the enter, or firom aahea 
depoeited on ifo upper parts, and afterwards waahed down by 
tornenta of rain. The former method, in moat of the cases, 
appeara the more probable one ; at James Island, howerer, 
some beds of the ftiable kind of tuff, extend so continuously 
over an uneven surface, that probably they were formed by 
the fallipg of showers of ashes. 

Within this same crater, strata of coarse tuff, chiefly com- 
posed of ftagments of lava, abut, like a consolidated talus, 
against the inside wails. They rise to a height of between 
100 and 150 feet, above the surface of the internal brine- 
lake ; they dip inwards, and are inclined at an angle vary- 
ing from 30 to 36 degrees. Tliey appear to have been 
formed beneath water, probably at a period when the sea 
occupied the hollow of the crater. I was surprised to ob- 
serve, that beds having this great inclination, did not, as fer 
as they could be followed, thicken towards their lower 
extremities. 

Banks’ Cove. — ^This harbour occupies part of the interior 

No. 13. 
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of Southern Italy, have been formed by upheaval. From the feets 
given above, of the vaulted character of the separate rills, and from the 
tuff not extending in horizontal sheets round these crateriform hills, no 
one will suppose that the strata have here been pit^uccdby elevation 
and yet we see that their inclination is above and often as 
much as 30®. The consolidated strata, abo, of the internal talus, as 
will be immediately seen, dips at an angle of above 30 ». , , 
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t»f a i^Uatteml crater of tuff, lurj^er than that last floaariliHHl. 
All the tuff isi compact, ami iuclmh^f^ iiumcroaK Iraifiiiant# of 
lava ; it appears like a submpioouH deposit. The ina)it#re« 
markable feature in this emter, is the great development of 
stnita, converging inwanis, as in the last casi% at a etmmder- 
able inclination, and often d(>j>ositi?d in irrc'gular, cnrveel 
layers. These interior, converging IkmIs, m well^a« the 
proper, diverging, eraterih>riii strata, arc* reprc*!Htmn;?tl in the 
foregoing rude, sectional sketch of the heaillands, fiirru- 
ing this Cove. The internal juid external stratfi differ little 
in composition, and the former hnvt‘ evidently resulted from 
the wear and tear, and redt'posiiion, of the matter forming 
the external, ornteritorTu >trata. Front tin* great develop- 
ment of these inner IhmIs, a person walking round the rim of 
this crater, might fancy hiinscdf on a circular, anti-clinal 
ridge, of stratifted saiul^tone and conglomerate. The sea is 
wearing away the inner ami outer strata, and t^ixHnally the 
latter; so that the inwardly c<mv<^rging i^trata, will {>erhapH 
in some future age, be left standing alone, — a ease which 
might at first porjih'x a ereologi»t.’*^ 

J AMi:.s IsLAM). -Two (Taters of tuff on this ishuKl, are the 
onl\ remaining ones which re<juire any notiee. One of them 
lie> a mile and a-half inland from Ihierto (irande: it is cir- 
eiilar, abf)iit the third of a mile in diameter, and 4(>0 fe<H in 
dejOli. It differs from all the other tntf-oraters which I 
examined, in having tlie lower part <ff its cavity, to the 
lieight of ))etween 100 and loO feet, formed hy a precipitous 
wall of basalt, gi\ing to tl)e crater the appearance of having 
burst throngh a solid sheet of rock. The upper part of this 
crao r consists of strata of the^altered tuff, with a scmi- 

f thru tin.', case actnal'ly occurs in the Azores, where Dr. 

f b>tor f I)c<cri|)tioi], p. Ih,*^ ha« described a biwin -formed, little iilaml, 
( ' luposcd of strofft </ (uj/\ dipping iuwjm^aml bounded extcnmlly by 
St s< ;i-vvoru chirs. Dr. Daubeny suppf>KCH (on \o\cmim, p. 2C6), 
tiuLi tins cavity inust have been formed by a circular subsidence. 

V) HU* far more probable, that we licrc have Dtmta, which 
wtK ^)r\gin my (U;po>ned nilhin the hollow of a emter, of which the 
exterior wall, liave ninec been removed by the sea. 
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reEinons fracture. It» bottom ia occupied by^ a shallow lake 
of briue, covering layers of salt, which re.st on deep, black 
mud. The other crater lies at the distance of a few miles, 
and is only remarkable from its size and perfect condition. 
Its summit is 1200 feet al>ove the level of the sea, and the 
interior hollow is 600 feet deep. Its external, sloping sur- 
face presented a curious appearance, from the smoothness of 
tJie wide layers of tuff, which re.seinbled a vast plastered 
floor. Brattle Island is, I believe, the largest crater in the 
Archi|)el^o, composed of tuff; its interior iiiametcr is 
nearly a nautical mile. At present, it is in a ruined con- 
dition, consisting of little more than half a circle, open to 
tlie south ; its great size is probably due, in part, to interna) 
degradation, from the action of the sea. 

b'effnicnt of a small basaltic crater. — One side of Fresh-water 
Bay, in James Island, i.s bounded by a promontory, which 
forms the last wreck of a great crater. On the beach of 
this promontory, a fpiadrant-shaj>ed segment of a small, 
subordinate point of eruption stands exposed. It consists 
of nine, sepanate, little streams of lava, piled upon each other; 
and of an irregular pinnacle, abont fifteen feet high, of red- 
<lish-brow'ii, vesicular ba.Halt, abounding with large crystals of 
glassy albitc, and with fused augite. This pinnacle, and 
some adjoining paps of rock on the beach, represent the 

No. 14. 
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$k%h of the crater. Tlie streams of lava can be followetl up 
a little ravine, at rij^ht unfjltM to the coitst, for between ten 
and fifteen yards, where they are hidden liy detritiia t along 
the beach they are visible for nearly eighty yanb^ and I do 
not believe that they extend much further. The three lower 
streams are nnvttMl to the pinnacle; and at the of 

junction, (as is shown in the areoiiipanying rude sketch, made 
on t^e spot), they an? sliglilly arched, as if in the act of 
flowing over the lip of the crater. The six upper streams, 
no doubt, were originally unitt*d to this siune column, lH»forc 
it was worn down by llie sea. The lava of these streams is 
of similar composition with that of the pinnacle, excepting 
that the crystals of albite ap]>car to be more comminuti^d, 
and the grains of fus<*(l augitc are absent. Eaeli stream is 
separated from the one ai»o\e it, by a few inches, or at most 
by one or two feet in tliiekness. of loose, fragmentary Hcwia\ 
apparently <leriveil from the ulirasion of the streams, in pass- 
ing over each other. All these streams are very remarkable, 
from their thinness. 1 carefully measured sc^veral of them ; 
one was eight inches thick, hut, w'as tiniily et)atcd with three 
inches ahov(‘, and three inches below, of red seoriaceims rock, 
(which is the case with all the sin^ams), making ullogc*thcr a 
tliickness of fourteen inches: (his thiekness was prest^rved 
quit(‘ uniformly, along th<‘ <‘nlire lengtli of (lie section, A 
second stream was only eight inehc'^ thick, itieludinir l)oth 
the upper and lower scoriact*oiis surfaces. ITntil examining 
this se<'tioi^, I had not thought it possible, that lava could 
have Howe<l in siu'h uniforudy thin sh(*ots, over a .surface far 
from smooth. 1 iiese little streams closely resemble in com- 
]»osition, that great deluge of lava at Albemarle Island, which 
likewise must liave pr>ssessed a high d(‘grcc of fluidity'. 

l^'it udu-f.ctrnnfutis, f jilted fratjwenfs, — In the lava and in 
the seoriic of this little crater, I found several fragments, 
^>hirh, from their angidar form, their granular structure, 
tluir fuH'dom from air-cells, their brittle and burnt condition, 
c os(‘ly those fragments of primary rocks, which 

are occasiouully (‘jected, as at Ascension, from volcanos. 
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TheM HrfigmeiitA conoist of glassy albite, mttch mackled, and 
with very imperfect cleavages, mingled with semi-ruunded 
grains, having tarnished, glossy surfiices, of a steel-blue 
mineral. The crystals of albite arc coated by a red oxide of 
iron, appearing like a residual substance ; and their cleavage- 
planes, also, are sometimes separated by excessively hne 
layers o£ this oxide, giving to the crystals the appearance of 
being ruled, like a glass micrometer. There was no quartz. 
The steel-blue mineral, which is abnndant in the pinnacle, 
but which disappears in the streams derived from the pinna- 
cle, has a fused appearance, and rarely presents even a trace 
of cleavage ; I obtained, however, one measurement, which 
proved that it was augite ; and in one other fragment, which 
differed from the others, in being slightly cellular and in 
gradually blending into the surrounding matrix, the small 
grains of this mineral were tolerably well crystallized. 
Although there is so wide a difference in appearance, be- 
tween the lava of the little streams, and especially of their 
red scoriaceous crusts, and one of these angular, ejected 
fragments, which at first sight might readily be mistaken for 
syenite, yet I believe, that the lava has originated from the 
melting and movement of a mass of rock, of absolutely 
similar composition with the fragments. Besides the speci- 
men above alluded to, in which we see a fragment becoming 
slightly cellular, and blending into tlie surrounding matrix, 
some of the grains of the steel-blue augite, also, have their 
surfaces becoming very finely vesicular, and passing into 
the nature of the surrounding paste ; other grains are 
throughout, in an intennediate condition. The paste seems 
to consist of the augite more perfectly fused, dr, more pro- 
bably, merely disturbed in its softenetl state by the move- 
ment of the mass, and mingled wi|}i the oxide of iron and 
with finely comminuted, glassy albite. Hence probably it is, 
that the fused augite, which is abundant in the pinnacle, dis- 
appears in the streams. The albite is in exactly the same 
state, with the exception of most of the crystals being smaller, 
in the lava and in the embedded fragments ; but in tlio frag- 
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meiiti9i they apjjear to be loss abundaiu : thin, hoilrevor^ 
would naturally lmp{)on, from the intiimoseence of the 
augitic base, and its couseciuent, ajijmrent inereaae in bulk. 
It is interesting thus to truce the steps, by which a eompaet, 
granular rock lHH?omcs converted into a vesicular, p»eodo-por- 
phyritic lava, and finally into rod scoriae. The structure 
and compovsition of the ouibcHlded fragments, show that tlu?y 
are parts, either of a mass of j^riinary r(M*k, which has under* 
gone considerable change from volcanic action, or more 
probably of tlio crust of a body of cooled and crystalli/,c<l 
lava, which has afterwanls been broken up ami re*liqneHed ; 
the crust being less acted on by the renewed! heat and 
laovcinent- 

ConchuUtuj ranarks on ihr Those craters, from 

the poiuiliarity of tin* reMii-likc substance which enters 
largely into their eomjMHition, from their structure, their 
size and mnnber, })rescHt tln^ most striking feature it) the 
geology of this Arehipelugo. The mnjiu’ity of thetn, fonn 
either separate islets, or promontories attacdu^d to tiu* larger 
islands ; and those wlii(d) now stand at some little distaixH* 
from tlie coast, are worn and l»reache<h us if bv the action 
of the sea. From this gem^ral circumstance of t Iteir position, 
and from the small (juantify of ejected ashes in any part 
of tlie Archipelago, I am led to couclude, that the tuff has 
been (‘hietly jtroduoed, by the grinding together of fragments 
of lava within active craters, eommunicating with the sea. 
In the oidgiii and composition of the tuff, and in the freciucut 
presruieo of a o ntral lake of brine and of layers of salt, these 
craters re^emble, tliongh on a gigantic scale, the ‘‘salscs/' 
or hillocks of mud, whicl) an* e<m)mon in some parts of 
Italy and in other conntru‘s.^ Their cdoscr connection, 
huwrver, in this Arehijx.dago, with ordinary volcanic action, 

* IV Antmisson’s Tmiti!; de Gi'ognosii*, tom. I p. 180. I may remark 
t 1 -aw at Icrreira, ia ihr> Azorof<, a crater of tuff or {wrperimi, very 
Mini ,vr to ol ilic (ialapagos Archipclag(», From the desert pt km 
f^nven in irrynnf-t’s Voyage, similar ones occur nfc the Sandwich 

s aru 8 , arn proha\>ly tht y art: present in many other places. 
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is shown by the pools of solidiiied bssalt, with which they 
are sometimes filled up. 

It at first appears very singular, tliat aU the craters 
formed of toff have their southern sides, either quite broken 
down and wholly removed, or much lower than the other sides. 
I saw and received accounts of twenty-eight of these craters ; 
of these^.twelve form separate islets,* and now exist as mere 
crescents quite open to the south, with occasionally a few 
points of rock marking their former circumference ; of the 
remaining sixteen, some form promontories, and others 
stand at a little distance inland from the shore ; but all, 
liave their southern sides either the lowest, or quite broken 
«lown. Two, however, of the sixteen, had their northern 
sides also low', w hilst their eastern and western sides were 
perfect. I did not see, or hear of, a single exception to the 
rule, of these craters being broken «lown or low on the -swle, 
wliich faces a point of the horizon la^tween S.E, and S.W. 
This rule does not apply to craters conijwstHl of lava and 
scoria*. The explanation is simple : at this Archijadago, 
<1 k‘ waves from the trade-wind, and the swell propagatc<l 
troiii the distant parts of the open ocean, coincide in direc- 
tion, (which is not the case in many part.s of the Pacific,) 
and with their united forces attack the southern sides of all 
the islands; and consequently the southern slope, even when 
cTitin’ly formed of hard bastiltie rock, is invariably steej>er than 
the northern sloiie. As the tuft’-craters are composed of ».soft 
material, and as probably all, or nearly all, have at some 
period stood immersed in the sea, we need not wonder, that 
they should invariably exhibit on their exjwsetl sides, the 
effects of this great denuding power. Judging from the 
worn eondition of many of these craters, it is probable, that 

• These consist of the three Grossman Islets, the largest of which is 
(500 feet in height j Enchanted Island ; Gardner Island (760 feet high) ; 
Champion Island (331 feet high) ; Euderby Island; Brattle Island i 
two islets near Indefatigable Island; and one near James Island. 

A second crater near James Island (with a saU-lobc in its centre) has 
ius southern side only about twenty feet high, whilst the other parts of 
the circumference are about 300 feet in height. 

I 
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^omo have Ihxjb entirely washed away, A» there is no 
reason to suppose, that the craters formed of scorim, and 
lava were ernpteil whilst standing in the sea, we can see 
why the rule does not apply to them. At Ascension, it 
w’as shown, that the mouths of the craters, which ai*e there 
all of terrestrial origin, have been atfected by tlte trade- 
wind ; and this siiiue poM^^r might here, also, aid in making 
the w iudn^artl and exposed sides of some of the craters, origi- 
nally the lowest. 

Miueralogical compositiim of the rocks. — In the northern 
islands, the basaltic lavas seem genemlly to contain more albite 
than they do in the southern half of the Archipelago; hut al- 
most all the streams contain some. The albite is not unfre- 
(juently associated with olivine. I did not ohs^uwe in any simhm- 
men distiugnishahh' crystals <»f hornhlonde or aiigite ; I excej»t 
the fused grains in theejet^ted fragments, and in the pinnacle of 
the little crater, above described. I did not meet with a 
single specimen of true trachyte; though some of tlie pah^r 
lavas, when abounding with large ciystals of tin; liarsh and 
glassy albite, resemble in some degree this roek ; l>nt in 
every case the basis fuses into a black enamel. B(*ds of 
ashes and far-ejected scoria*, as previously stated, are almost 
absent ; nor di<l I see a fragment of obsidian or of pumice. 
\'on Buell believes that the alisenee of pumice on Mount 
Etna, is consequent on the feldspar ladng of the J^iibrador 
variety; if tlie presence of pumice depends on the constitu- 
tion of the feldspar, it is remarkable, that it should be 
abs(‘nt in this arehipedago, and abundant in the Cordillera of 
South America, in botli of wiiich regions, the feldspar is of 
the alhitic variety. Owing to the absence of uslies, and the 
general indecom posable character of the lava in this Archi- 
pelago, th(‘ islands are slowly clothed with a poor vegetation, 
and the scenery has a desolate and frightful asjiect* 

hlvration of the land . — Proofs of the rising of the land are 
scaiiiy and irnperh et. At Chatham Island, I noticed some 
great blocks of lava, ceimmted by calcareous matter, coa- 
Dcsi r’nition des Islen Canaries, p. 328. 
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taining recent shells; but they occurred at the height of 
only a few feet above liigh-water mark. One of the officers 
gave ine some fragments of shells, which he found embedded 
several hundred feet above the sea, in the tuff of two craters, 
distant from each other. It is possible, that these fragments 
may have been carried up to their present heiglit, in an 
eruption of mud ; but as in one instance, they were asso- 
ciated with broken oyster-shells, almost forming a layer, it 
is more probable, that the tuff was uplifted with the shells, 
in mass. The specimens are so imperfect, that they can be 
recognized only as belonging to recent marine genera. On 
Charles Island, I observed a line of great rounded blocks, 
piled on the summit of a vertical cliff, at the height of 
fifteen feet above the line, where the sea now acts during 
the heaviest gales. This appeared, at first, good evidence in 
favour of the elevation of the land ; but it was quite decep- 
tive, for I afterwards saw on an adjoining part of this same 
coast, and lieard from eye-wdtnesses, that wherever a recent 
stream of lava forms a smooth inclined plane, entering the 
sea, the waves during gales have the power of rolling up 
rounded blocks to a great heiglit, above the line of their ordi- 
nary action. As the little cliff in the foregoing case, is formed 
by a stream of lava, which, before being w orn back, must have 
entered the sea with a gently sloping surface, it is possible, 
or rather it is probable, that the rounded boulders, now lying 
on its summit, are merely the remnant of those, which had 
been rolled up during storms, to their present height. 

Direction of the fissures of eruption . — The volcanic orifices 
in this group, cannot be considered as indiscriminately scat- 
tered. Three great craters on Albemarle Island form a 
well marked line, extending N.W. by N. and S.E. by S. 
Narborough Island, and the great crater on the rectangular 
projection of Albemarle Island, form . a second parallel 
line. To the east, Hood’s Island, and the islands and rocks 
between it and James Island, form another, nearly parallel 
lino, which, when prolonged, includes Culpepper and Wenman 
Islands, lying seventy miles to the north. The other islands 

i 2 
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lying further ea.stward, form a less regular fourth line. Several 
of these islands, and the vents on Albemarle Island, are so 
placed, that they likewise fall on a set of rudely juirallel 
lines, intersecting the fornier lines at right angles; so that 
the principal craters aj)j>ear to lie on the points, where two 
sets of fissures cross each other. The islands themselves, 
with the exception of Albemarle Islajid, are not elongatetl 
in the same direction with the lines on which they stand. 
Tlie direction of these islands, is nearly the same with 
that, which ]>revails in so remarkable a maimer, in the 
niiinerotis archi{>(‘lagos of the great Pacific Ocean. Finally, 
I nuvy remark, that amongst the Oalapagos islamls, there is 
no one dominant vent, much higher than all the others, as 
may be ob'-erved in many volcanic archipelagos : the 
highc'it, is the great mound on the south-western extremity 
of Alltemarle Island, whieh e.xceeds by barely a thousand 
feet, several other neighbouring craters. 
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CHAPTER VI. 

TRACHYTE AND BASALT. — DISTRIBUTION OP VOLCANIC ISLES. 

The sinking of crystals in fluid lava — Speciflc gravity of the constituent 
parts of trachyte and of basalt, and their consequent separation — Ohsi- 
dtati — Apparent non-separation of the elements of plutonic rocks — 
Origin of trap-dikes in the plutonic' series — Distribution of volcanic 
islands ; their prevalence in the great oceans — They are generally 
arranged in lines — The central volcanos of on Buch doubtful — Fol- 
cafiic islands bordering continents — Antiquity of volcanic islands, and 
their elevation in mass — Eruptions on parallel lines of Jissurc tcithin 
the same geological period. 

On the .separation of the constihmit minerals of lava^ according 
to their specific gravities. — One side of Fresli-watiT Bay, in 
JuuK's Island, is formed by the \\Teck of a large crater, 
mentioned in the last chapter, of which the interior has been 
filled up by a pool of basalt, about 200 feet in thickness. 
This basalt is of a gray colour, and contains many crystals of 
glassy albite, which become much more numerous in the 
lower, scoriaceous part. This is contrary to what might 
have been expected, for if the crystals had been originally 
disseminated in equal numbers, the greater intumescence of 
this lower scoriaceous part, would have made them appear 
fewer in number. Von BucU’*^ lias described a stream of 
obsidian on the peak of Teneriffe, in which the crystals of 
feldspar become more and more numerous, as tlic depth or 
thickness increases, so that near the lower surfiice of the 
stream, the lava even resembles a primary rock. Von Buch 
ftirther states, that M. Dree, in his experiments in melting 
lava, found that the crj'stals of feldspar always tended to 

* Description des Isles Canaries, pp. 190 and 191. 
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precipitate themselves to the bottom of the erucible. I» 
these castes, 1 presume tliere can l»e no doubt, that the 
crj^stals sink from tlieir weight. The apecific gravity 
of feldspar variest from 2*440 2*68, whilst obsidian seema 
commoul y to be from 2‘3 to 2“4 ; and in a fluidified state, its 
speeitie gravity would probably be less, which would facili- 
tate tlie sinking of the crj^stals of feldspar. At James 
Island, the crystals of albite, although no doubt of less 
wt ight than the gray basalt, in the parts where compact, 
might easily be of greater specific gravity than the 
seoriac(M)us mass, formed of melted lava and bubbles of 
h(*iit(Hl gas. 

Tlie sinking of crystals throiigb a viscid substance like 
molt<ni rock, as is unetjiilvocally shown to have been the 
casein the experiments of M. Dree, is worthy of further 
coTisid(‘nition, as throwing light on tlu‘ s<‘j>aratiou of the 
traehytic and basaltic series of lavas. Mr. V. Seropc has 
speculated on this subject ; but he d(K,’s not seem to have 
been aware of any jiositivc facts, sucli as those above given; 
and li(? has overlooked one very msa^ssary element, as it 
appears to rin*, in the plu'nomen<»n, — namely, flie existence 
of eirli(T the lighter or heavier mineral, in globules or in 
crystals. In a snbstanc<’ of imperfect tlnidity, like molten 
rnrk, it is lianlly credibh*, that tlie x'parnte, infinitely small 

* I’l a ma.s^ef molten iron, it is found (Edinburgh New Philosophical 
Jutirn il, vol xxiv. p. Ufi) that the sulwtances, which have a cU>ser affinity 
for ox\ n, than iron has, rise from the interior of the mass to the sur- 
face. Hut a ^imila.r cause can hardly apply to the fSepartition of the 
crystal- of these lava-streams. The cooling of the surface of lava «eems 
in some rases, to have atfected it:^.,(:oniiH'mition ; for l>ufr(!?nt>y (Mem. 
pour servir, tom. iv. p, ‘2/1) found that the interior parts of a stream 
re ar Naples, contained two-thirds of a mineral which waa acted an by 
adds, wliilst the stirface consistol chiefly of a mineral unattackable by 
arids. 

V 1 have laken the specific graviticn of the simple minerals from Von 
KoIh U, one of the latest and best authorilifa, and of the rock» from 
various authordieM, Ohddian, according to Phillip«, is 2’a’^i and 
. irneson s;iys it never exceeds 2'4 ; but a »i>ccimcn from Ascensiotl, 
weighed bv myse lf, w;u» 2^2. 
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atoms, whether of feldspar, augite, or of any other mineral, 
would have |X)wer from their slightly different gravities, to 
overcome the friction caused by their movement ; but if the 
atoms of any one of these minerals became, whilst the 
others remained fluid, united into crystals or granules, it is 
easy to perceive tliat from the lessened friction, their sinking 
or floating power would be greatly increased. On the other 
Imnd, if all the minerals became granulated at the same 
time, it* is scarcely possible, from their mutual resistance, 
that any separation could take place. A valuable, practical 
discovery, illustrating the effect of the granulation of one 
element in a fluid mass, in aiding its separation, has lately 
lK*en made; when lead containing a small proportion of 
silver, is constantly stirred whilst cooling, it becomes granu- 
lated, and the grains or imperfect crystals of nearly pure 
lead, sink to the bottom, leaving a residue of melted metal 
much richer in silver ; whereas if the mixture be left undis- 
turbed, although kept fluid for a length of time, the two 
metals show^ no signs of separating.* The sole use of the 
stirring seems to be, the formation of detached granules. 
The specific gravity of silver is 10*4, and of lead 11*35: the 
granulated lead, which sinks, is never absolutely pure, and 
the residual fluid metal contains, when richest, only part 
of silver. As the difference, in specific gravity, caiLsed l>y the 
different proportions of the two metals, is so exceedingly 
small, the separation is probably aided in a great degree by 
the difference in gravity between the lead, when granular 
thoughlstill hot, and when fluid. 

In a body of U(piefied volcanic rock, left for some time 
without any violent disturbance, we might expect, in accord- 

• A full and interesting account of this discovery, by Mr. Pattinson, 
was read before the British Association in September, 1838. In some 
alloys, according to Turner (Chemistry, p, 210), the heaviest metal 
sinks, and it appear^ that this takes place whilst both metals are fluid. 
Where there is a considerable difference in gravity, as betw een iron 
and the slag formed during the fusion of the ore, w^e need not be sur- 
prised at the atoms sej[)arating, without either substance being granu- 
lated. 
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aiiee with the above factB, that if one of the eonatilnent 
mmerul^ lHH?aiiie aggn»gateil into crystala or graimlea,or hiwl 
been envflo{>iHl in tliia state from some previously existing 
mass, such crystals or granules would rise or sink, according 
to their s{>ecitic gravity. Now we have plain evidence of 
crj'stils lH?ing embedded in many lavas, whilst the [)aste or 
basis has continiUHl fluid. I netKl only refer, as instances, to 
the sevenil, groat, pseinlu-porphyritic streams at the Galapagos 
islands, and to tlie traehytic streams in many parts of the 
world, in which we fliul crystals of f<»l(lspar bent and broken 
by the movement of the siiiTOundiiig, semi-fluid matter. 
[.*5iYas are chiettv coin])osed of tliree varieties of feldspar, 
varying in s{»eeific gravity from 2*4 to 2*74; of hornblende 
and angite?, varying from o O to .4*4: of (»liviru\ varying from 
3*4 to 4*4; nufl lastly, of oxi<les of iron, with specific gravi- 
ties from 4*8 to 4*2, Hence crystals oi‘ fe ldspar, enveb^ped 
In a mass uf lifjueHed, bnt nor bigldy viNicnlar lava, wi>nld tend 
to ris(‘ to the upper parts ; ami crystals granules of flu* other 
minerals, thus enveloped, would tend to sitik. We ought not, 
h(>wev(»r, t<> exp(‘et any perfect degre(‘ ofH'paration in such 
vi<<*id mat(‘nals, Tracliyte, which consists clnefly of feld- 
spar, with ^onie horiddende and oxide of iron, has a spfH'ific 
gra\ity of about 2*14 ;* whilst basalt coiapose<l cluefly of 
aiejite and fehlspar, often with mn<*h iron and olivine, has a 
gravity of ah<Mit 4*0, Acef)rdiT»gly we find, that where both 
trju'bytlc and liasaltic .streams have proceeded from the .same 
oritiee, the traeliytic streams have generally lK.*cn first 
erupt( fl, owing, as wo must snppr)se, to the uiolterf lava of 
thi s sf‘ries having aeennmlated in the uppcT parts of the vol- 
canic focus. This (»nler of eruption has been observed by 
Ih udaiit, Scrope, and by other aiitliors; three instances, 
al^o, have lieen givani in this volume. As the later erup- 

« 

• Tr;ichytc from Java, was found by Von Buch to be 2*47; fmm 
Auver^rn( , by Do la neebe, it was 2*42; from AHcension, by my«elf, it 
was 142 . Janichon and other autliors g^ive to basalt a specific gravity 
of.K); !)ut specimens from Auvergne were found, by Dc la Beebe, to 
be onjy 2 7H; and from the GianCs Causeway, to be 2*91. 
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tions, however, from most volcanic mountains, burst through 
their basal parts, owing to the increased height and weight 
of the internal column of molten rock, we see why, in most 
cases, only the lower flanks of the central, trachytic masses, 
are enveloped by basaltic streams. The separation of the 
ingredienjis of a mass of lava would, perhaps, sometimes 
take place within the body of a volcanic mountain, if lofty 
and of great dimensions, instead of within the underground 
focus; in which case, trachytic streams might be poured 
forth, almost contemporaneously, or at short recurrent in- 
tervals, from its summit, and basaltic streams from its base : 
this seems to have taken place at Teneriffe.* I need only 
further remark, that from violent disturbances the separa- 
tion of the tw^o series, even under otherwise favourable con- 
ditioiivS, would naturally often be prevented, and likewise 
their usual order of eruption be inverted. From the high 
degree of fluidity of most basaltic lavas, these perhaps, 
alone, would in many cases reach the surface. 

As we have seen that crj'stals of feldspar, in the instance 
described by Von Bucli, sink in obsidian, in accordance with 
their knomi greater speeific gravity, we miglit expect to find 
ill every trachytic district, where obsidian has flowed as lava, 
that it had jiroceeded from the upper or highest orifices. 
This, according to Von Bui^i, holds good in a remarkable 
manner, both at the Lij>ari Islands and on the Peak of Te- 
iierifte ; at this latter place, obsidian has never flowed from 
a less lieight than 9,200 feet. Obsidian, also, appears to 
have been erupted from the loftiest jieaks of the Peruvian 
Cordillera. I will only fiu-ther observe, that the specific 
gravity of quartz varies from 2*6 to 2*8 ; and therefore, that 
when present in a volcanic focus, it w ould not tend to sink 
with the b^laltic bases ; and this, perhaps, explains the fre- 
quent presence, and the abundance of this mineral, in the 
lavas of the trachytic series, as observed in previous parts of 
this volume. 

* Consult Von Buch’s well-known and admirable Description Physique 
of this island, which might serve as a model of descriptive geology. 
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All objection to the foregoing theory, will, perhaps, be 
drawn, from the plutonic rocks not lieing separated into two 
evidently distinct series, of different specific gravities ; al- 
though, like tlie volcanic, they have been liquefied. In 
answer, it may first be remarked, that we have no evidence 
of the atoms of any one of the constituent minends in the 
plutonic series, having been aggregated, whilst tlie others 
remained fluid, which we have endeavoured to show is 
an almost necessary condition of their separation ; on the 
contrary, the crjstals have generally inipressi^d each other 
with their forms.* 

In the second place, tlie perfect tranquillity, under which 
it is probable that the plutonic masses, buried at profound 
fh‘))ths; have cooled, would, most likely, be bigbly unfavour- 
able to the separation of their coustituent minerals ; for, if 
the attnictive force, which during the ^>rogT(Ssive cooling 
draws togtjther the moh^cnles of the diflerent minerals, has 
power snHicient to keep them tog<*ther, the friction hetween 
su<*h half-formed crv'^tals or pasty globules, w ould eflectually 
prevent tin' heavi(T ones from sinking, or tlu* lighter ones 
from ri>ing. On tin* other hand, a small amount of disturb- 
ance', w liich would probably occur in most volcanic* foci, and 
w'hieh we liave sec*n do(‘S not prevent tin* separation eff gra- 

* The crystailine paste of phonohtc, is frcf|ucntly penetrated by long 
rsf rdk'S of hornblende ; from which it appears, that ll»c hornblende, 
tliosjgh th«- more fusible mineral, has crystallized before, or at the 
saoie time with, a more refrac!tory substance. PhonoUtc, as fhr as my 
observations serve, in every instance appears to be m injected rock, like 
those of (lie ])]utonic series ; hence probably, like tbc&e latter, it haa 
generally been coole-d without repeated and violent disturbances. 
Those geologists who have douljted whether granite could have been 
fornn d by igneous li<juefaction, because minerals of dinc|ent degrees of 
fusibility impresH each other with their forms, could not have been 
aw ircof the fact of crystallized hornblende penetrating phonoUte, n 
ruck undoubtedly of igneous origin. The viscidity, which it is now 
krujwn, that both feldspar and quartz retain at a temj>eraturc much 
below' tbeir point'- of fusion, easily explains their mutual impressment. 
Consult on this subject Mr. llorner^s paper on Bonn. Geolog. Transact, 
vob iv. p, ; und L’lustitut, with rcsjiecl U) rpiartz, 1839, p. Mil. 
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miles of lead from a mixture of molten lead and silver, or 
crystals of feldspar from streams of lava, by breaking and 
dissolving the less perfectly formed globules, would permit 
the more perfect and therefore unbroken crystals, to sink or 
rise, according to their specific gravity. 

Although in plutonic rocks two distinct species, cor- 
responding to the trachytic and basaltic series, do not exist, 
I much suspect, that a certain amount of separation of their 
constituent parts has often taken place. I suspect this from 
having observed, how frequently dikes of greenstone and 
basfilt intersect widely extended formations of granite and 
the allied metamorphic rocks. I have never examined 
a district in an extensive granitic region, without discovering 
(likes ; I may instance the numerous trap-dikes, in several 
districts of Brazil, Chile, and Australia, and at the Cape of 
Good Hope : niaiiy dikes likewise occur in the great gra- 
nitic tracta of India, in the north of Europe, and in other 
countries. Whence, then, has the greenstone and basalt, 
forming these dikes, come? Are we to suppose, like some 
of the elder geologists, that a zone of trap is uniformly 
spread out beneath the granitic series, which composes, as 
far as we know, the foundations of the earth s crust. Is it 
not more probable, that these dikes have been formed by 
fissures pen<itrating into partially cooled rocks of the gra- 
nitic and metamorphic series, and by their more fluid parts, 
consisting cliiefly of hornblende, oozing out, and being sucked 
into such fissures 1 At Bahia, in Brazil, in a district com- 
posed of gneiss and primitive greenstone, I saw many dikes, 
of a dark augitic (for one crystal certainly was of tliis mi- 
neral) or hornblendic rock, which, as several appearances 
clearly proved, either had been formed before the surround- 
ing mass had become solid, or bad together with it been 
afterwards thoroughly softened.’*^ On both sides of one of 

* Portions of these dikes have been broken off, and are now sur- 
rounded by the primary rocks, with their lamin® conformably winding 
round them. Dr. Hubbard, also, (Silliman*s Journal, vol. xxxiv. p. 1 19), 
has described an interlacement of trap-veins in the granite of the 
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theiw^ dike^*, the gnei^si wm penetrateil to the dktance of 
several yards, by niiiiierous, curvilinear thremb or streaks of 
dark matter, wliieh resembled in fonn clouds of the class 
called cirrhi-comR> ; some few of these threads could 1 m? 
traceil to their junction with the dike. When examimng 
them, I doubtetl whether such hair-like and curvilinear veins 
could have keen injected, and I. now suspect, that instead of 
having been injocto^l from the <like, they wt‘re its feeders. If 
the foregoing view of the origin of trap-dikes in widely ex- 
granitic n'gions, far from nu^ks of any oth<*r for- 
mation, he adniittcMl as probable, wo may further admit, in 
the ca<e r»f a great body of platonic rock, being impelh^d by 
r(‘peated movement'^ into flu* axis of a mountain-ehain, that 
its more Vnpiid eonstllmuit parts might ilrain into deep and 
unseen ahys>es ; afl<*rwants, perhaps, to he hrouglit to the 
'^urfaee umhu- tlie fonn, either of inje< tt‘d masses of green- 
stone and augitic p(M‘[)hyrv,* or of hasiltic (uaiptions. Much 
of the diitioulty which geologists have experienec'd, when 
tlu‘V have (M)mpare<l the composition of volcanic with pla- 
tonic formations, will, f think, he removed, if vve may heli(‘ve, 
that most plufonic mas>es have he<‘n, to a (*ertain ext(*nt, 
drained of tho'^e eompanttively wa'ighty ami easily !i(|uefi<Ml 
( lements, w liicli (*omp<rs(‘ th(‘ trappean ami hasallit' s(‘ries of 
n H*ks. 

O// t/if fli^itrihutioH of volcomc islamls . — During my luvesti- 

Whito Mountains, uhich he thinks must have been formed when both 
rocks wen* suft. 

* Mr. (Lanlner’s Kncyclop. vol. ii, p. Uo) quotes Von 

Ihiclfs statf^ment, that auj^^itic porphyry ranges pandlel to, and is 
found constantly at the base of, great chains of mountains. Humboldt, 
aNo, has reinarkerl the frequent occurrence of tra|>-rock, in a sinular 
position ; of which fact I have observed many examples at the footofthe 
Chilian Conlillera. The existence of gy^anitc in the axes of great 
mountain chains is always probable, and I am tempted to suptrose, 
that the laterally injected masses of augitic jroiqdryry and of trap, bear 
nearly th(* same relation to the granitic axes, which lianaltic lava# bear 
to th(i central traehytic rnaws, round the flanks of which they Imvo 
HO frj*quently been empted. 
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gations on coral-reefs, I had occasion to consult the works 
of many voyagers, and I was invariably struck with the fact, 
that wjth rare exceptions, the innumerable islands scattered 
throughout the Pacific, Indian, and Atlantic Oceans, were 
composed either of volcanic, or of modern coral-rocks. It 
would be tedious to give a long catalogue of all the volcanic 
islands ; but the exceptions which 1 have found, are easily 
enumerated ; in the Atlantic, we have St. j?aurs Rock, de- 
8cri)>ed in this volume, and the Falkland Islands, couiposecl 
of quartz and clayslate; but these latter islands are of con- 
siderable size, and lie not very far from the South American 
coast in the Indian Ocean, the Seychelles (situated in a line 
prolonged from Madagascar) consist of granite and quartz : 
in the Pacific Ocean, New Caledonia, an island of large 
size, belongs (as far us is known) to the primary class ; 
New Zealand, which contains much volcanic rock and some 
active volcanos, from its size cannot be classed with the 
small islands, which wc are now considering. The presence 
of a small quantity of iion-volcanic rock, us of clay-slate on 
three of the Azores, f or of tertiary limestone at Madeira, or of 
clay-slate at Chatham Island in the Pacific, or of lignite at 
Kerguelen Liind, ought not to exclude such islands or arclii- 
pelagos, if formed chiefiy of erupted matter, from the 
volcanic class. 

The composition of the numerous islands, scattered 
through the great oceans, being Avith such rare exceptions 
volcanic, is evidently an extension of tUat law, and the effect 

* Judging from Forster’s imperfect observation, perhaps Georgia is 
not volcanic. Dr. Allan is my informant with regard to the Seychelles. 
I do not know of what formation Rodriguez, in the Indian Ocean, is 
composed. 

t This is stated on the authority of Count V. de Bedemar, with 
respect to Flores and Graciosa (Charlsworth Magazine of Nat. Hist, 
vol, i. p. 557). St Maria has no volcanic rock, according to CapUiin 
Boyd (Von Buch’s Descript, p, 305). Chatham Island has been de- 
scribed by Dr. DielTenbach, in the Geographical Journal, 1841, p. 201. 
As yet we have received only imperfect notices on Kerguelen Land, 
from the Antarctic Expedition. 
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of those same causes, whether chemical or tiiee}iaittm}« fr«>m 
which it n^ults, that a vast imijtirity of the volcanos now in 
action, stuml either as isluinb in the sea, or near its chores. 
Tills fact of the oeean-islamb lx?ing m generally volcanic, i«, 
also, intercHting, in relation to the nature of the mountain- 
chaiiiH on our continents, which are conumrativelv seldom 
volcanic ; and yet we are le<l to siiji|>ose, that wJiere oiir 
continents now jaiaiul, an ocean once extended. Do volcanic 
e'ruptions, we may ask, reach the siirfatH? more n'adily 
thn>ugh fissures, formed during the first of the eon- 

versiun of the IxhI of the ocean into a tract of land f 

Loi)king at the charts of the numerous volcanic archi|»(‘- 
lagos^ wc see that the islands are genernlly arranged, either 
in single, double, or trehle rows, in lines whieli are fre- 
<[uently curved in a slight degree.^ Ivach sejiarate island is 
either roumhsl, or more generally elongated in the same 
din‘ction with the group in which it stands, hut sometimes 
transversely to it. Some of the groups which are not much 
elongated, present litth' symmetry in their forms; M.Virl(‘ti“ 
states that this is the case witli the (ireiian Archipelago: in 
sueli groups I susjicct, (for I am awart^ how easy it is to 
dc'ceive ()n(*>elf on tlu’se points), tliat the vents are geu(*rally 
arranged on one lino, or on a set of short paralhd lim^s, 
intor>ecting at nearly right angles another line, or set of 
lines. T1 h‘ (laiapagos Archipelago offers an example of this 
*Htructnn*, for most of the islands and the ehief orifiees on 
the large'-t i'^laml, arm so grouped as to fall on a .set of lines 
ranging uhout N.W . hy X., and on another vset ranging 
about \V .S.W. : in the Canary Archipelago, we have a siin})ler 
structure oi the same kind : in the Cape de Verde group, 
which appears to be the least symmetrical of any oceanic, 
volcanic archijMjlago, a N/W.and S.E. line formed by several 


' Professors William and llcnr>^ Darwin Rogers have lately insisted 
much, ,n a ne rnoir road before the American Association, on the regu- 
ar y c.irvoil i,„,.s of elevation in parte of the Appalachian range. 

1 ^ ullctin de la Soc. Gtolog. tom. iii. p. HO. 
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islanclS) if prolonged, would intersect at right angles a 
curved line, on whicli the remaining islands are placed. 

Von Buch* has classed all volcanos under two heads, 
namely, central volcanos^ round which numerous eruptions 
have taken place on all sides, in a manner almost regular, 
and volcanic chains. In the examples given of the first 
class, as jfar as position is concerned, I can see no grounds 
for their being called ‘central’; and the evidence of any 
difference in mineralogical nature, between central volcanos 
and volcanic chains^ apj)ears slight. No doubt some one 
island in most small volcanic archipelagos, is apt to be 
consiflerably higher than the otliers ; in a similar manner, 
whatever the cause may be, that on the same island, one 
vent is generally higher than all the others. Von Buch 
does not include in his class of volcanic chains, small archi- 
jxdagos, in which the islands are admitted by him, as at the 
Azores, to be arranged in lines; but when viewing on a 
map of the world, how perfect a series exists, from a few 
volcanic islands j>laced in a row% to a train of linear afehi- 
j)elagos following each other in a straight line, and so on to 
a great wall like the Cordillera of America, it is difficult to 
believe, that tlicre exists any essential difference between 
short and long jj^olcanic chains. Von Bucli statesf that his 
volcanic chains sunnoiint, or are closely connected with, 
mountain-ranges of j)riniary formation : but if trains of 
linear archipelagos are in the course of time, by the long 
continued action of the elevatory and volcanic forces, con- 
verted into mountain-ranges, it would naturally result, that 
the inferior prinjary rocks would often be uplifted and 
brought into view. 

Some authors have remarked, that volcanic islands occur 
scattered though at very unequal distances, along the 
shores of the great continents, as if in some measure con- 
nected with them. In the case of Juaii Fernandez, situated 
330 miles from the coast of Chile, there was undoubtedly a 

^ Description des Isles Canaries, p. 324. 

t Idem, p. 393. 
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connexion between the volcanic foreea acting under thw 
kland, and under the continent, m wa» ahoirn during the 
ettrt!u|uake of 18ii5. The islands, moreover^ of «oiue of the 
suiail volcanic grouj>s, which thu.^ honler continentH, are placed 
in lines, related to those, along which the adjoinitig shores of 
the continents trend; I may instance tlie lines of intersetmon 
at the (talapagos, and at the Cajw tie Verde Archijadagos, and 
tlie best marked line of tin* Canary Islands. If thest* facts 
lx* not mt*rely aocid<*ntal, we st*e that many scattenxl vol- 
canic inlands nml small gr«tuj>s are relate<l, !iot only hy 
proximity, but in the direetitm of the fissures of eruption to 
the neighbouring cout!nents,~a relation, which Von BucIi 
considers, charactt*ri<tic f>f his great volcanic chains. 

Ill volcanic arcliipelagos, the orifices iire st‘blom in acti- 
vity on more than om* island at a tiuu* ; and the greater 
eruptions usually nx'ur only after long intervals. Observing 
the numlK‘r of crattu’s, that are usually found on <*ai b island 
of a grou[), and the vast amount of matter whieh lias been 
erupted from them, one is hxl to attribute a high antlrjuity 
ev(Mi to those groups, which ajipear, like tin* ( Jalapagos, to 
1 m‘ of eon]parativ<*Iy r<*eent origin. T!ii< eonelusion uei'ords 
with the prodigious amount <»f dc'gradation, bv thi* slow 
action of tlu^ s(*a, whiidi tlic'ir origiiiallv cloying (’oa>ts must 
hav(‘ sufiered, when they are worn hack, as is so often the ease*, 
into grand jireeipiei s. Wv tmghl not, however, to supjiose, in 
hardly any instane<‘, that tin* wlioh* hodv of matter, fiirming 
a volcanic isl*ind, has laxui erupted a! the lev(‘I, on which it 
now stamK ; the nmiib<*r of dikes, \>hieh seem invariably to 
intcr''(X‘f tin' interior of every volcano, show, on the 

princl|>les exjdained ]»v M. Elie ile Beaumont, that the 
whoh* mass lias Ixxm uplifted and fissured. A connexion, 
moreover, Ix.'tween volc anic enqitions and iamtc'uiporaneous 
(devatlons in mass* has, I think, hee;i slniwn to i*xist, in my 
^^ork on ( oral Reefs, ]>otli from the frecpu'iit jiresencc* of 

A similar oon('lusi(»n in forced on us, hy the [dirnoiiienn, which 
«acc<>mpauifMl tlu; earthquake of 1835, at C’oiieeplion, and which are 
detailed in my pape r (vol. v. p. (>0I) in the (ieological Transactions. 
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upraised organic remains, and from tlie structure of the 
accompanying coral-reefs. Finally, I may remark, that in 
the same Archipelago, eruptions have taken place within the 
historical period, on more than one of the parallel lines of 
fissure : thus at the Galapagos Archipelago, eruptions have 
taken place from a vent on Narborough Island, and from one 
on Albemarle Island, which vents do not fall on the same 
line ; at the Canary Islands, eruptions have taken place in 
Teneriffe and Lanzarote; and at the Azores, on the three 
parallel lines of Pico, St. Jorge and Terceira. Believing 
that a mountaln-axLs differs essentially from a volcano, only 
in platonic rocks having been injected, instead of volcanic 
matter having been ejected, this appears to me an interest- 
ing circumstance ; for we may infer from it as probable, that 
in the elevation of a mountain-chain, two or more of the 
parallel lines forming it, may be upraised and injected within 
tlie same geological period. 
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Ncxc South Jf^aUs — S a?i(h't one format wn — Emhcddnl pacudo fragments of 
ahate — Stratification — Curnat-rUai — (in at vallt i /\. — f'an I)o'tnCH*s 

Land — Paiipozoic formation — Xtucr format am uith voUonic rocks — 
Travertin v ith teaves of extinct plants — Elivatton of the land,-- .\ nr 
Zealand — Kina (leorads Sound — Superficial ferni^inous Li d.\- Su- 
perficial eolenreou.s deposits ^ uith casts of branches — 7 hetr on^n?i from 
drifted particles of shells and conds — Their extent. — *f Hood 

Hope — Junction of the granite and clay-slate — Sandstone formation. 

The BeaejUy in her honnnvHrd touched at New 

Zealand, Australia, \"an Duunen’s Land, and ih<‘ ('ape of 
(iooil Hope. In order to eonfine the third Part of th(‘>o 
Gcoloj^ieal Ohserv’^ations to South America, 1 will Inu’e 
brierty describe all tliat I observf‘d at thc.<e places, worthy of 
the attention of peoloiz’i.Nt'^. 

Neir South IVfilcs . — INIy opportunities of ol)servation eon- 
sisteil of a ridt^ of ninety p*o;^raphical miles to .Bathurst, in 
a W.N.W. direction from Sydney. 1'he fir^t thirty miles 
from the coast passes ov(*r a sandstone courUrv, broken up 
in many jdaees by trap-roeks, ami s(*parated liy a liold 
esearpeniOTit overhan^in<i^ tin* river IS'epean, from tln^ ^n-eat 
sandstone platform of the Blu(‘ Mountains. This upjKU* plat- 
form is 1000 feet, liigh at the edge of tlic escarpenumt, ami 
rises in a distance of 25 miles to between dOOO and 4000 
feet abovii the level of the sea. At this distance?, the road 
descends to a country rather less ehjvated, and composed 
in chief part of primary rocks. There Is much granite, 
in 6ne part passing into a red porphyry with octagonal 
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crystals of quartz, and intersected in some ]»latea by trap- 
dikes. Near the Downs of Bathurst, I pas. ed over much 
f)aIe-brown, glossy clay-slate, with the shattered larainee 
running north and south: I mention this fact, because 
Captain King infonns me, that in the cointi-y a hundred 
miles southward, near Lake George, tlie mica-slate ranges 
so invariably north and south, that the inhabitants take 
advantage of it in finding their way through the forests. 

The sandstone of the Blue Mountains is at least 1,200 
feet thick, and in some parts is apparently of greater thick- 
ness; it consists of small grains of quartz, cemented by 
white earthy matter, and it abounds with ferruginous veins. 
The lower beds sometimes alternate w'ith shales and coal : 
at Wolgan I found in carbonaceous shale, leaves of the 
Ghmopteris Brojcnii, a fern w hich so frequently accompanies 
the coal of Australia. The sandstone contains pebbles of 
([uartz; and these generally increase in number and size 
(seldom, however, exccediug an inch or tvv<» in diameter) in 
the upper beds : I observed a similar circumstance in the 
grand sandstone fonnntion at the Cape of Good Hojie. On 
the South American coast, where tertiary and supra-tertiary 
beds have been extensively elevated, I repeatedly noticed 
that the uppermost beds were formed of coarser materials 
than the lower : this appears to indicate that, as the sea 
became shallower, the force of the waves or cuDents 
increased. On the lower platform, however, betw'een the 
Blue Mountains and the coast, I observed that the upper 
b(-‘ds of the sandstone frequently passe«l into argillaceous 
shale, — the effect probably, of this lower space having been 
protected from strong currents during its elevation. The 
sandstone of the Blue Mountains evidently having been of 
mechanical origin, and not having suffered any metamorphic 
action, I was surprised at observing, that in some specimens 
nearly all the grains of quartz were so perfectly crystallized 
with brilliant facets', that they evidently had not in their 
present form been aggregated in any previously existing 

K 2 
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rock.’* It is difficult to luuigiue liow these crystals could 
have been formed ; one can hardly helicve that they were 
separately precipitated in their present erystalii/ed state. 
Is it possible, that rouude<l grains of ([uartz may have herni 
acteil on by a fluid corroding their snrtaces, and depositing 
on them fresli silica I I may remark, that in the sandstone 
formation of the Cape of Go<h1 Hope, it is evident, that 
silica has been profusely depositeil from atpieous solution. 

In several parts of the sandstone, I noticed patches of 
shale, wliich might at the first glaiict* have ht en mistaken 
for extraneous fragments ; tlu‘ir horizontal lamina*, how- 
ever, being parallel with tliost* td' the samistone, vlu»\ved rliat 
they were the remnants of thin, continuous laais. One such 
fragment (jirohahly tlie se^tiou of a long narrow strip) seen 
in the face of a clitf, was of greater V(*rti<Ntl thickness than 
breadth, which prov(‘s that this bed of sliale must hav(‘ 
been in some sliglit degree consolidated, after having ))een 
deposited, and before being worn away by tlie currents. 
Kacli patch of tin* sliale sluows, also, how slowlv manv of 
tin* sne(*e^sive lavfTs of sandstone were* d<*po>ifed. I'hese 
pseudo-fragments of sliale will perhaps explain in some 
cas(*s, the origin of ajiparcntly (*xtraneous fragments in 
(TV'^tallim* metamorphic roeks. I im'ution this, hecau.ve 
1 found n<’ar Itio d(' Janeiro a well-defim <1 angular frtigment, 
seven yards lom^r |,y two yards in hreadtli, of gneiss eontaiii- 
ing garm ts and mic‘a in lavf»rs, <*nelo'^t*d in th<* ordinarv, 
stralifmd, porphvritie gneiss of the country. Tin* lamina^ of 
tin* Iragnn nt and of the surrounding matrix, ran in exactly 
the same direction, but they dipped at ditfereut angles. I 
do not wisli to aflirm that this singular fragment (a solitary 

I have* lately Been, in a paper by Smith (the father of English 
geologists), iu the Magazine of Natural .History, that the grains of 
nnartz in the mill-stone grit of England arc often crystallized. Sir 
David Brewster, in a paper reaii before the I^itish Association, 1S40, 
Btates, that in old decomposed glass, the silex and metals separate into 
concentric rings, and that the silex regains its crystalline structure, as 
IS shpwn by its action on light. 
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case, as far as I know) was originally deposited in a layer, 
like the shale in the Blue Mountains, between the strata of 
the porphyritic gneiss, before they were metamorphosed ; 
but there is sufficient analogy between tlie two cases to 
render such an explanation possible. 

Stratification of the escarpement, — The strata of the Blue 
Mountains appear to the eye horizontal ; but they probably 
have a similar inclination with the surface of tlie platform, 
which slopes from the west towards the escarpement over 
the Nepean, at an angle of one degree, or of one hundred 
feet in a inile."*^ ' The strata of the escarpement dip almost 
conformably with its steeply inclined face, and with so much 
regularity, tliat they appear as if thrown into their present 
position ; but on a more careful examination, they are seen 
to thicken and to thin out, and in the upper part to be suc- 
ceeded and almost capped by horizontal beds. These 
appearances render it probable, that we here see an original 
escarpement, not formed by the sea having eaten back 
into the strata, but by the strata having originally extended 
only thus far. Those who have been in the habit of examin- 
ing accurate cliarts of sea-coasts, where sediment is accumu- 
hiting, will be aware, that the surfaces of the banks thus 
formed, generally slope from the coast very gently towards 
a certain line in the offing, beyond which the depth in most 
eases suddenly becomes great. I may instance tlie great 
hanks of sediment within the West Indian Arcliipelago,t 
^vhich terminate in submarine slopes, inclined at angles of 
between 30 and 40 degrees, and sometimes even at more than 

• This is stated on the authority of Sir T. Mitchell, in his Travels, 
vol. ii. p. 357. 

t \ have described these very curious banks in the Appendix (p. 196) 
to iny volume on the structure of Coral Reefs. I have ascertained the 
iuclintUion of the edges of the banks, from information given me by 
Captain B. Allen, one of the surveyors, and by carefully measuring the 
horizontal distances blhveen the last sounding on the bank and the 
first in the deep water. Widely extended banks in all parts of the 
vVest Indies, have the same general form of surface. 
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40 degrees : every one knows how’ steep such a slope wouhl 
a|>i>ear on the land. Banks of this nature, if uplifted, 
M ould \)robal)ly have nearly the same external fonu as the 
ivlatfonn of the Blue Mountains, where it abruptly tenninates 
over the Nepean. 

Current cleovage . — The strata of sandstone in the low 
coa^t country, and likewise on the Blue Mountains, are 
often divided )>y cross or current lamina*, which dip in dif- 
ferent directions, and fVetpiently at an angle of forty-five 
d('i 2 ,rccs. iSIost antht»rs have attributed these cross Iayt*rs 
to snocc^>ive small accuinnlatiuus on an inclined surfaee ; 
but IVtuu a earerid examination in some parts of the N(‘w l{<‘d 
saiidsione of England, I luTievc that such layers genendly 
form parts of a ^eries f,f cnr\es, like gigantic tidal-ripjdes, 
the t«)ps of which liave since he<*n cut otf, cither by nearly 
horizontal layers, or by another s<*t of great ripph's, tin* 
folds of whicli do n »t exactly coineidt* with those h(*h.)W 
iheim It is well known to surveyors that uind a?nl sand 
are di'^lnihed during storms at considerable <lt‘pths, at least 
from 3<K) lo dot) fe<*t,'^ so that tin* natur(M>f tin* bottom even 
liecomcs te.nporarily cliangef! ; the hott(nrj, also, at a de[>th 
bet ween (i i and 70 iuis been uhs(‘rvi‘(lt to he broadly 

rippled, Om* may, therefore, he allowed to snsp(‘ct, from 
tlu* appearaina*" mentiom^d in the New Red sandstone, 
that at greater «!epths, the bed of tin? ocean is heaped up 
dnring iiah-> Into great r!pph‘dike furrows and depressions, 
which are aiierwards cut off by the currents rhiring more 
tran(pril weathci-, and aualii furrowed during gales. 

Vulb-ljs hi Uu’ s(iuiUt‘)ar jthitforim , — The grand valleys, by 
which the Hlne Moutitains and tlic other sandstone plat- 
fo}ii}'^ (.f lijis part of Australia are penetrated, and whicli 
long oflcred an iiisu])era.l»le ohstaclc* to the attempts of the 
mo t ( Dtc r|)rlr>Mig colonist to reach the interior country, 
loi m the movi striking feature in the geologj*^ of New South 

See Martin White, on Soundings in the British Channel, pp. 4 
and 10(3. ^ 

t M. Siau on the Action of WavcB. Edin, New Phil. Journ, vol. xxxi. 

r. 
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Wales. They are of grand dimensions, and are bordered 
by continuous lines of lofty cliffs. It is not easy to conceive 
a more magnificent spectecle, than is presented to a person 
walking on the summit-plains, when without any notice he 
arrives at the brink of one of these cliffs, wlucli are so per- 
pendicular, that he can strike with a stone (as I have tried) 
the trees growing, at the depth of between 1000 and 1500 
feet below him ; on both hands he secs headland beyond 
headland of the receding line of cliff, and on the opposite 
side of the valley, often at the distance of several miles, he 
beliolds another line rising up to the same height with that 
oil which he stands, and formed of the same horizontal 
strata of pale sandstone. T]ie bottom of these valleys are 
moderately level, and the fall of the rivers flowing in them, 
according to Sir T. Mitchell, is gentle. The main valleys 
often send into the platform great bay-like arms, wdiieli 
expand at tbeir upper ends; and on tlie other hand, the 
j)latlbrui often sends promontories into the valley, and even 
leaves in them groat, almost insulated, masses. So continuous 
are the boniuling lines of clifi‘, that to descend into some of 
these valleys, it is necessary to go r*'Und twenty miles; and 
into others, the surveyors have only lately jieiietrated, and 
the colonists have not yet been able to drive in tlieir cattle. 
But the most remarkable point of structure in these valleys, 
is, that although several miles wide in their upper parts, 
they generally contract tow^ards their mouths to such a 
degree, as to become impassable. The Surveyor-General, 
Sir T. Mitchell,’*^ in vain endeav* -iired, first on foot and then 
by craw ling betw een the great fallen fragments of sandstone, 
to ascend through the gorge by wdiicli the river Grose joins 
the Nepean; yet the valley of the Grose in its upper part, 
as I saw, forms a magnificent basin some miles in wddth, 
and is on all sides surrounded by elifls, the summits of 
which are believed to be nowhere less than 3000 feet above 
the level of the se|^. When cattle are driven into the valley 

♦ Travels in Austmlia, vol. i, p. must express my obligation 

to Sir T. Mitchell, for several interesting personal communications on 
the subject of these great valleys of New South Wales, 
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of the WolgaJi by a j)ath (wliich I Jesce«tle<l) partly cut by 
the colonists, they cannot escajH? ; for this valley ia in every 
other part surrouudetl by j>er}>en(licular cliffs, and eight 
miles lower down, it contracts, from an average wudth of half 
a mile, to a mere chasm impassable to man or beast. Hir 
T. Mitchell* states, that the great valley of the Cox riv(‘r 
with all its branches, contracts, where it imites ^yith the 
Nej>ean, into a gorge 2200 yards wide, and about 1000 feet 
in depth. Other similar eases might have been added. 

The first impression, from seeing the correspondence of 
the horizontal strata, on oiu h side of these valleys and great 
amphitheatrieal depressions, is that th(‘y have been in chief 
part hollowed out, like other valleys, l>y aejueons erosion; 
hut wlien one ridlects on the enormous amount of stone, 
which on this view must have hecn nunovt^d, in most of the 
above cases through mere gorges or cha'^ms, ouv is led to 
ask whether the^e spaces may not have* suI)^ided. But con- 
sidering the lurm ot‘ the irregularly hrauehing valleys, and 
of the nan’ow promontories, projecting into them from the 
platforms, we are compelled to ahandun this notion. To 
attribute these liollows to alluvial action, would he pn*- 
po^tenm^i; nor does the drainage from the summit-level 
always fall, as I remarked near the VVt‘atherhoard, into the 
liead of these valleys, hut into one side of tlu^ir hay-like 
recess(»s. Some of the iidiahitunts remarked to me, tliat 
llicy never viewed one of these buy-like rc'cesses, with the 
lu.arllands receding on hoth hands, without being stru<‘k 
with tlieir resemblance to a hold sea*coast. This is certain! v 
tlu‘C‘ase; mor(‘over, the numerous fine harbours, with their 
widely hranching arms, on the present coast of New South 
Wales, which are generally connecteil with the sea by a 
mirrow^ mouth, from one mile to a rpmrtcT of a mile in 
width, ])asslug through the sandstoiu; coast-cliffs, present a 
likem ss, though f>n a miniature scale, to the great valleys of 
tU(' interifir. But then imim^diately occurs the startling 
diificuUy, why has the sea worn out these great, though 
* Idem, vol. ii. p. 358, 
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circumscribed, depressions on a wide platform, and left 
mere gorges, through which the whole vast amount of 
triturated matter must have been carried awajr? The only 
liglit I can throw on this enigma, is by showing that banks 
appear to be forming in some seas of the most irregular 
forms, and that the sides of such banks are so steep (as 
before stated) that a comparatively small amount of subse- 
fpiept erosion would form them into cliffs : that the waves 
have power to form high and precipitous cliffs, even in land- 
locked harbours, I have observed in many parts of South 
America. In the Red Sea, banks with an extremely 
irregular outline and composed of sediment, are penetrated 
by the most singularly shaped creeks with narrow mouths : 
this is likewise the case, though on a larger scale, with the 
Bahama Banks. Such banks, I have been led to suppose,* 
have been formed by currents heaping sediment on an 
irregular bottom. That in some cases, the sea, instead of 
spreading out sediment in a uniform sheet, heaps it round 
submarine rocks and islands, it is hardly possible to doubt, 
after having examined the charts of the West Indies. To 
apply these ideas to the sandstone platforms of New South 
A Vales, I imagine that the strata might have been heaped on 
an irregular bottom by the action of strong currents, and 
of the undulations of an open sea; and that the valley- 
like spaces thus left unfilled might, during a slow elevation 
of the land, have had their steeply sloping Hanks worn into 
elilVs; the worn-down sandstone being removed, either at the 
time when the narrow gorges were cut by the retreating 
sea, or subsecpxently by alluvial action. 

• See the Appendix (pp. 192 and 196) to the Part on Coral Reefs. 
I'he fact of the sea heaping up rand round a submarine nucleus, is 
worthy of the notice of geologists : for outlyers of the same composition 
with the coast-banks, arc thus formed ; and these, if upheaved and 
worn into clilTs, would naturally be thouglit to have been once connected 
together. 
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Van Dinnen^s Land, 

Tlie southern part of this islaiul is mainly farnicMl of 
mountains of ji^reonstoue, which often assumes a syenitic 
character, and containn iiiueh hypersthene. niese moun- 
tains, in their lower half, are frenerally encased by strata 
eontaininji: numerous small corals and some slitdls^ These 
shells have l)oen examined by Mr, G. B. Sowerby, and arc 
(hscribcd in the Apj>endix; they consist of two spccu»s of 
Pnulueta, and <»f six of Spirifera ; two of these, namely, 
1\ najatn and A', rotundata, resemble, as far as tbeir imperfijct 
condition allows <if coinpurison, British mountain-limestone 
shells. Mr. Lons»lale has had the kindness to examine the 
corals ; they consist of six undescrilxHl species, belonji^ing to 
llu'e(‘ ij^eiiera. Species of thes(^ genera occur m the Silurian, 
Deviuiian, and ('arhonifertjus strata of ICurope, Mr. 
Lonsdale remarks, tliut all thest* l*os>iL have undoubtedly a 
Palwo/oic eharaeter, and that probably they corn^spond in 
age to a division of the system, uIma'c the Silurian for- 
mations. 

The strata containing these remains are singular from the 
extreuKi variability of their inineralogical conqaisiiion. 
1‘Arry int(‘rinediatc form is |u*esent, betwcam iiinty-slate, 
clav-slate passing into gray-wackc*, pure limestone, surul- 
s)(»n(x and porttllanie rock; and some of tin* beds can only 
1 m* (!( '>( ribcd, as comj»Msed of a silirco-caleHreo-clayslatc. 
Tlu‘ fo uiatinii, as far as 1 couhl jinlg(‘, is at least a thuu.sand 
fel t in tliickne-s: the upper few hundred feel usually consist 
of a .siliceous sandstone, containing p(fbl>les and no organic 
nonains; the infrior strata, of which a pale Hi a ty slate i» 
}t( rbaps tluMuost abundant, are the most variable; and thcj^e 
cliicHy abound with the remaiiiH. Between tw^o bed« of 
hind crystalline limestone, near jS'c*wto\vn, a layer of white 
solr calcarions matter is ipiarried, and is used for white- 
washing housns. From inforiuatimi given to me by Mr. 
krankland, tln^ surveyor-general, it apj)ears that this Palieo- 
/.olc toriuation is found in ditterent parts of the whole island; 
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from the same authority, I may add that on the north-eastern 
coast, and in Bass' Straits primary rocks extensively occur. 

The shores of Storm Bay are skirted, to the heiglit 
of a few hundred feet, by strata of sandstone, contain- 
ing pebbles of the formation just described, with its 
characteristic fossils, and therefore belonging to a sub- 
sequent age. These strata of sandstone often pass into 
shale, and alternate with layers of impure coal; they 
have in many places been violently disturbed. Near Ho- 
bart Town, I observed one dike, nearly a hundred yards 
in width, on one side of which the strata were tilted at an 
angle of 60^, and on the other they were in some parts 
vertical, and had been altered by the effects of the heat. 
On the west side of Storm Bay, I found these strata capped 
by streams of basaltic lava with olivine ; and close by there 
was a mass of breccia ted scoria*, containing pebl)les of lava, 
which probaldy marks the place of an ancient submarine 
crater. Two of these streams of basalt were separated 
from each other by a layer of argillaceous wacke, which 
could be traced passing into partially altered scori®. The 
wacke contained numerous rounded grains of a soft, grass- 
green mineral, with a waxy lustre, and translucent on its 
edges ; under tht blowpipe it instantly blackened, and the 
points fused into a strongly magnetic, black enamel. In 
these characters, it resembles those masses of decomposed 
olivine, described at St. Jago in the Caj^e de Verde group ; 
and 1 should have thought that it had thus originated, had 
I not found a similar substance, hi cylindrical threads, w ithin 
the cells of the vesicular basalt, — a state under w liicli olivine 
TK'ver appears ; this substance,* I believe, w ould be classed 
us bole by mineralogists. 

* Chloropbicitc, described by Dr. MacCulloch (Western Islands, 
vol. i. p. 504) as occurring in a basaltic amygdaloid, differs from this 
substance, in remaining unchanged before the blow-pipe, and in black- 
ening from exposure to the air. May we suppose that olivine, in under- 
going the remarkable change described at St. Jago, passes through 
several states ? 
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Travertin with extinct plants , — Behind Hobart Town there 
1!^ a small tiuarry of a hard travertin, tlie lower strata of 
which abound wdth distinct impressions of leaves. Mr. 
Robert Brown \xm had the kindness to look at my s[>eci- 
mens ; he informs me that there are four or five kinds, none 
of which he n>cofi:nizes as belonging to existing species. 
The most remarkable leaf is |>almate, like that of a fAn^^palin, 
and no jdant having leaves of this structure has hitlierto 
been discovered in Van Diemeirs I^nd. The other leaves 
do not resemble the most usual form of the Eucalyptus, (of 
which trila* the existing fore'^ts are cluefly composed,) nor 
do thev res(*mhle that class of exceptions to the common 
form of the leaves of tin? luiculyptns, whicli occur in this 
island. The trtiv(?rtin <‘ontaining this remnant of a lost 
vegetation, is of yellow eohuir, hanl, and in parts even 
crvstalline; but nt»t compact, and is everywhere pt iietrnted 
hv minute, tortuou'^, cylindrical pnres. It contains a very 
few pt‘hhh‘s of (piartz, and oecuMofud layers of (*halced(inic 
nodules, like tliose of chert in our (in eiwand. From the 
pureness of tiiis calcareous rock, it has been search<'<l for in 
other phua s, hut has iiev(*r been b’roin this circum- 

stanc(%and from the cliaracter of the dc'posit, It was |ir»>l)ab!y 
formed }>y a ealcarfMuis >pring entering a small pool or 
narrow (*reek. The strata hav<‘ Mihse^piently been tilted 
and ii>snred ; ainl tiu* surface has hee!i cM»vered })y a singular 
mass, witli Mht(‘h, also, a large fissure has bcaui filled up, 
formed of ]»all> of trap ernhedd<‘d in a mixture of W’acke and 
a wliite, (*arthy, aluniiiuMralcareous Hubstance. Hence it 
woidd apj)ear, as if a vol<*anic eruption had taken place on 
th(f borders of tin; ))ool, in whhdi the caleareoua matter was 
depositing, and liad ))rokea it up and druine<l it. 

Elevation of the land , — Both the eastern and W(*f}teru shores 
of the Bay, in the neighbourhood of Hobart Town, are in 
most parts covered, to the height of thirty firet above the 
level of high-water mark, with broken shells, mingled wdth 
p( hides. Tlie colonists attribute these shells to tlie al)ori- 
gin(> liaving carried them up for fimd : undoubtedly, there 
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arc many large mounds, as was pointed out to me by Mr. 
Frankland, which have been thus formed ; but I think from 
the numbers of the shells, from their frequent small size, 
from the manner in which they are thinly scattered, and 
from some appearances in the form of the land, that we 
must attribute the presence of the greater number to a small 
elevatior of the land. On the shore of Ralph Bay (opening 
into Storm Bay) I observed a continuous beach about fifteen 
feet above high-water mark, clothed with vegetation, and by 
digging into it, pebbles encrusted with serpulae were found : 
along the banks, also, of the river Derwent, I found a bed of 
broken sea-sliells above the surface of the river, and at a 
point where the water is now much too fresh for sea-shells 
to live ; but in both these cases, it is just possible, that before 
certain spits of sand and banks of mud in Storm Bay were 
accumulated, the tides might have risen to the height Mhere 
we now find the shells.* 

Evidence more or less distinct of a change of level be- 
tween the land and water, has been detected on almost all 
the land on this side of the globe. Capt. Grey, and other 
travellers, have found in southern Australia upraised shells, 
belonging either to the recent, or to a late tertiary period. 
The French naturalists in Baudin’s expedition, found shells 
similarly circumstanced on the S.W. coast of Australia. 
The Rev, AV. B. Clarket finds proofs of the elevation of the 
land, to the amount of 400 feet, at the Cape of Good Hope. 
In the neighbouThood of the Bay of Islands in New Zea- 

♦ It would appear that some changes are now in progress in Ralph 
Bay, for I was assured by an intelligent farmer, that oysters were 
formerly abundant in it, but that about the year 1834 they had, without 
any apparent cause, disappeared. In the Tmnsactions of the Maryland 
Academy (vol. i. part i, p. 28) there is an account by Mr. Ducatel, of 
vast beds of oysters and clams having been destroyed by the gradual 
filling up of the shallow lagoons and channels, on the shores of the 
southern United States. At Chiloe, in South America, I heard of a 
similar loss, sustained by the inhabitants, in the disappearance from one 
part of the coast of an edible species of Ascidia. 

t Proceedings of the Geological Society, vol. iii. p. 420. 
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luiul ,♦ I observca that th«! shores, wert) scatlerea t.) wmie 
height, as at Van Diouioii’s Laiul, with .wa-shells, which the 
oolonusts attrU.ute to the natives. W hatever may have beou 
the orijiiii ot’these shells, 1 ounnot douht, al'ler having mm a 
section of the valley of tlie Thames lliv.'r (.17'* rt.), tlrawn hy 
the Rev. W'. Williams, that the luiul lias heea there elevated : 
on the s.>p|>i’»site suit's ol this j^reat valh'y, three stc^^rliWe ler* 
ri\(’t‘s, coiiiposL'il ol i\ii ucc\,\i\vvi\i\VV')i\ ol TOWlv^lcil 

exiully ct)rro^\H>uA with each ot\uT: l\\e OMnir|>c- 
iiicnt of each terrace \s about fifty feel in lieif^ht. No one 
afrt*r haviiiix exauiiuetl the terraces iu tlit‘ valleys on the 
western shores of South Aiueriea, which are stn^woil with 
sf'ii-shells, and have been fonued durii^t^ intervals of rest in 
the sltov elevation of the hin<h eould <huibt. that the New 
Zealand terraces have been similarly formed. I may a<I(l, 
that Dr. Dudlenbacln in his doenplion of the Chatham 
Islands, t of New Zealand) states that if is manifist 

“ tliat tlie sea has h^ft many places bare, which were once 
covered l)y it.s waters.” 

A7/(^y Oron/t's SdUHfl. 

This 'settlenu‘nt i< situated ait the sonllewesiern an^loofthe 
Au^t^allan continent : the wIkjIc countr\ is j^ninitie, with the 

* I will here give n catalogue of the roek.<i which I mot with near the 
bay of I.slauils, in New Zealand: — li>t, Much haniaUic lava, and »eori- 
form rocks, forming distinct craters ;-~‘ind, A ca.Hteilated hill of hori- 
zontal strata of llc*'h-colovirc<l limestone, showing when frnclurcti dw- 
tinct crystalline faect.s ; the rain has acted on this rock in a remarkable 
nninner, corroding its surface into a miniature nio<lt*l of an Alpine 
country: I observed here layers of chert and clay imn-slonc ; and in 
the bed of a stream, pebbles of clay-slate ;-^:Jrd, The shores of the Bay 
of I.slcinds arc formed of a feldspatliic rock, of a hluebh-gray colour, often 
much decomposed, with an angular fracture* and crossed by numerous 
ferruginous Keam.s, but wiOiout any distinct stratification or cleavage. 
Some varieties are highly crystalline, and would at once be pronounced 
tobctrai); others strikingly resembled clay-slate, slightly altered by 
neat : 1 wa.s unable to form any decided opinion on this formation. 

T Vieographical Journal, vol. xi. pp. 202, 205. 
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eonstituent minerals sometimes obscurely arranged in 
straight or curved laminae. In these cases, the rock would 
be called by Humboldt, gneiss-granite, and it is remarkable 
that the form of the bare conical hills, appearing to be com- 
posed of great folding layers, strikingly resembles, on a small 
scale, those composetl of gneiss-granite at Rio de Janeiro, 
and those described by Humboldt at Venezuela. These 
plutonic rocks are, in many places, intersected by trappean- 
dikes : in one place, I found ten parallel dikes ranging in an 
E. and W. line ; and not far off another set of eight dikes, 
composed of a different variety of trap, ranging at right 
angles to tlie foniicr ones. I have observed in several pri- 
mary districts, the occurrence of systems of dikes parallel 
and close to each other. 

Superficial ferrm/inous beds. — The lower parts of the 
country are everywhere covered by a bed, following the ine- 
qualities of the surface, of a honeycombed sandstone, 
a))oiinding with oxides of iron. Beds of nearly similar 
composition are common, I believe, along the whole western 
coast of Australia, and on many of the East Indian 
islands. At the Cape of Good Hope, at the base of the 
mountains formed of granite and capped with sandstone, 
tlic ground is everywhere coated either by a fine-grained, 
rubbly, ochraccous mass, like that at King George’s Sound, 
or by a coarser sandstone witli fragments of quartz, and 
rendered hard and heavy by an abimdance of the hydrate of 
iron, which presents, wdien freshly broken, a metallic lustre. 
Both tliese varieties have a very irregular texture, including 
spaces eitlier rounded or angular, full of loose sand ; from 
this cause the surface is always honey-combed. The oxide 
of iron is most abundant on the edges of tlie cavities, where 
alone it affords a metallic fracture. In these formations, as 
w ell as in many true sedimentary deposits, it is evident that 
iron tends to become aggregated, either in the form of a 
shell, or of a network. The origin of these superficial beds, 
though sufficiently obscure, seems to be due to alluvial 
action on detritus abounding with iron. 
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Super^dal calcareotu deposit.— A calcareous tlcpoHit oil flic 
auiuiuit of Bald Head, containing branched bmlica, »m>- 
posed bv some authors to have Iweu corals, has IxMin c«.*le- 
brated by the ilesoriptions of many distinguished voyagers.* 
It folds round and conceals irregular luimmoek.s of granite, 
at the height of (>00 feet above the level of the sea. It 
varies much in thickness; where stratified, the ietls are 
often inclined at hi^di aiii^les, even as nnich as at 30 dejii^rees, 
and they dip in all directions. These beds are soiu(*tiines 
cross(‘d hy ohliipic and e\en-sided laniiine. The deposit 
consists either of a fin(\ uhite, caleareous powder, in uhieli 
not a trace of structure can he discovered, or (d e\(‘< t din^Lrly 
inimite, rounded ^rain<, of hrown, }ellt)wis}|, and purjili^'h 
colours; l>oth varit‘tii‘'s lM*inir p'uerally, hut not always 
mixed with small jiurtieles of quartz, aud hein^^ eetiiented 
into a more or h'ss jxu'lect sttme. I'he nuiiidfsl calcareous 
j^rains, when luxated in a .‘^lijji^ht dt'tcrt‘e, in»*tantly lose their 
colours ; in this ami in every other r«*sprcf, idosely rcM^uu- 
Idinjj; tho>e minute, e(|ual->i/.cd partiele*' of '^tielU ami corals, 
vvhi(!h at St. llchuia have heen drifted up the side-< of the 
mountain^, and ha\(‘ thus lM*en winnowed t»f all coarser 
fraLrnieiiT'^. I eannot donht, that tln^ (‘oloured calcareous 
particles hert* have had a similar ori'^iii. Tlie impalpahh* 
powiler has proiiahly heen derivird from iIh‘ fii^cav of the 
rounded particles; tliis c<u*tainly is possible, for on the coast 
of Peru, I hav4‘ traced latf/* nnhrohti shells j^ratluallv ftilling 
into a >ub^tiince, as fine a.s powilertxl chalk. Uoth (^f the 
aiiovomcntioued vari(‘ties of calcareous sandstone frequently 
alternate witli, ami blend into, thin layers of a hard »ub- 
stalagniitic f rock, which, even when tlie stone on each »ulc 


I visited ttiis hill, in fornjuiny with Captain FitzHoy, and WC caunc 
similar conclusion regarding fhm branching Uxlicu. 

I adr>j,t this term from Lieut. Nelson^ excellent pa[)er on the 
Ucrmu.U Island.s (ticolog. Trans, vol. v. p. for the hard, compact, 
wlhch r stone, witliout any cryauUine structure, 

have ok f * T Hupcrficial cnlcareoua accutAulationi. 1 

tVu! ^ beds, coated with subnitiilagmUic rock, 

Hope, in several imrls of Chile, and over wide 
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contains particles of quartz, is entirely free from them : 
hence we must suppose that these layers, as well as certain 
veiii-like masses, have been formed by rain dissolving the 
calcareous matter and re-precipitating it, as has happened at 
yt. Helena. Each layer probably marks a fresh surface, 
when the, now firmly cemented, particles existed as loose 
sand. These layers are sometimes brecciated and re- 
cemented, as if they had been broken by the slipjiing of 
the sand when soft. I did not find a single fragment of a 
sea-shell ; but bleache<l shells of the Helix melo^ an existing 
land species, abound in all the strata ; and I likewise found 
another Helix, and the case of an Oniscus. 

1 he branches are absolutely undistinguishable In shape, 
from the broken and upright stumps of a thicket ; their roots 
are often uncovered, and are seen to diverge on all sides ; 
hen* and tliere a branch lies prostrate. The liranclies 
g(*ii(}rally consist of the sandstone, rather firmer than the 
surrounding matter, with the central ])arts filled, either with 
frial>h‘ calcareous matter, or with a sub-stalagmitie variety ; 
this central part is also frequently penetrated by linear 
crevices, sometimes, though rarely, containing a trace of 

spaces in La Plata and Patagonia. Some of these beds have been 
formed from decayed shells, but the origin of the greater number is 
suiTiciently obscure. The causes which determine winter to dissolve 
lime, and then soon to rcdci>osit it, are not, 1 think, known. The sur- 
face of tlie sub-stalagniitic layers appears always to be corroded by the 
rain-water. As all the above-mentioned countries have a long dry 
season, compared w ith the rainy one, I should have thought that the 
presence of the sub-stalagmite was connected with the climate, had not 
Lieut. Nelson found this substance forming under sea- water. Disinte- 
grated shell seems to be extremely soluble; of which I found good 
evidence, in a curious rock at Coquimbo in Chile, which consisted of 
small, pellucid, empty husks, cemented together. A series of sj>ecimen8 
clearly showed, that these husks had originally contained small rounded 
particles of shells, which had been enveloped and cemented together 
by calcareous matter, (as often happens on sea-beaches), and which 
subsequently had decayed, and been dissolved by water, that must have 
penetrated through the calcareous husks, without corroding them, --of 
w hich processes, every stage could be seen, 

L 
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woody matter. These caleareoas^ branching bodie#» appear 
to have l>een fonued^ by fine calcareous matter being waahed 
into the casta or cavities, left by the decay of branches and 
roots of thickets, burii?d under drifte«l sand* The whole sur- 
face of the liill ia now undergoing disintegration, and l\euce 
the casts, which arc compact and hard, are I<4\: projecting. 
In calcariHHia sand at the Cape of CIockI Hope, I found the 
casts, deseril)ed by Akd, quite similar to these at Bald 
Head ; but their centres are ofteii tilled with black car- 
bonaceous matter, not yet nMUoved. It is not surprising, 
that the w^oody matter should have l»eeii almost entirely 
removed from th(‘ easts on Bald Ilt‘ad ; tor it is certain, that 
umnv centuries must have elapscfl since tin* tbit kets were 
buried; at present, toving to tlu* form and lu'ight o1 the 
narrow pronnmfory, no sand is driff«‘fl up, and the wlM)h‘ 
surface, as 1 hav<* remarked, is wearing away, Wv must, 
therefon*, look hack to a period! when tin* latnl sIo<h 1 lower, 
of which tlu* I'rench naturalists^ found (‘videuct* in upraised 
shells of recent specit s, f)r the drifting on Bald H« ad of the 
calcareoiis and (piartzoM' sand, and the con^eipient eiulKHi* 
nic'iit of the vegetal>le remains. '^I’ht re was only one ap- 
pi'arance wliich at first made nie finulit concerning tin- 
origin of the east, — namely, that tie* tim r roots from flif- 
f rc’?it stC’ins soiiietinii\«» lurame united together into upright 
plates or veins ; htit wlum the manner is borne iu mind, in 
which fine roots often fill up cracks in hard earth, and that 
tin- root^ wamld dt^eay 4ind leave hollows^ as well as th«* 
stems, tliere i*^ no real ditlieulry in tlii^ c’ase. Besides the 
cah*Hreons bran(du*s triun tin* ( ’iipe of (iood Hojk% I have 
si en casts, of exactly the same forms, from Madeiraf and 

• S#*<* M. l^TOn’s Voyage, tom, i. p. *i04. 

t Dr. J. Macaulay has fully dcRcribcd (Eding. New PhiL Jfourn. 
vol. xxix, p. .T)0; the cfista from Madeira. *He conmder* (differently 
Irorn Mr. Smith of Jordan Hill) thciie l>odie?* Ui lx* corab, and (he cab 
carco^iH dqw>sk to l>c of subaqueoua origin. Hi« arguments chiefly rest 
(for his n inarks on their structure are vague) on the great quantity of 
the calcareous mailer, and on the casU contaiuing miimal matter, m 
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from Bermuda; at this latter place, the surrounding cal- 
careous rocks, judging from the specimens collected by 
Lieut. Nelson, are likewise similar, as is their subai rial 
formation. Reflecting on the stratification of the deposit on 
Bald Head, — on the irregularly alternating layers of sub- 
stalagmitic jrock, — on the uniformly sized, and rounded 
])articlesj apparently of sea-shells and corals, — on the abun- 
dance of land-shells throughout the mass, — and finally, on 
the absolute resemblance of the calcareous casts, to the 
stumps, roots, and branches of that kind of vegetation, which 
would grow on sand-hillocks, I think there can be no reasonable 
doubt, notwithstanding the different opinion of sonic authors, 
that a true view' of tlieir origin has been here given. 

Calcareous deposits, like these of King George’s Sound, 
are of vast extent on the Australian shores. Dr. Fitton 
rcunarks, that “ recent calcareous breccia (by wdiich tenn all 
these deposits are included) w'as found during Baudin’s 
voyage, over a space of no less than 25 degrees of latitude 
and an c(jual extent of longitude, on the southern, western, 
and north-western coasts.”^ It a})pears also from M. 

shown by their evolving ammonia. Had Dr. Macaulay seen the enor- 
mous masses of rolled particles of shells and corals on the beach of 
Ascension, and especially on coral-reefs ; and had he reflected on the 
effects of long-continued, gentle winds, in drifting up the finer }>articles, 
he would hardly have advanced the argument of quantify, wdiich is 
seldom trustworthy in geology. If the calcareous matter has originated 
from disintegrated shells and corals, the presence of animal matter is 
what might have been expected. Mr. Anderson analyzed for Dr. 
Macaulay part of a cast, and he found it composed of — 


Carbonate of lime 

. 73*15 

Silica ....... 

. 11*90 

Phosphate of lime 

. 8 81 

Animal matter 

. 4*25 

Sulphate of lime 

. a trace 


9811 


♦ For ample details on this formation, consult Dr. FittoVs Appendix 
to Capt. King^s Voyage. Dr. Fitton is inclined to attribute a con- 
cretionary origin to the branching bodies : I may remark, that I have 

L 2 
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Poron* with irho»o observations ami opinions on tbo origin 
of tbo ealeareous matter and branching cairt»t iiimo entirely 
aecordf that the dai^orit m generally much more continaons^ 
than near King Geoi^eV Sotiud. At Swan River, Arch- 
deacon Beott^ states that in one }>art it extends ten mUea 
inland. Captain Wickham, moreover, inforps me that 
during lii» late survey of tlie western coast, the bottom of 
the sea, wherever the vessel anehorcHl, was as<H»rtain<.‘d hy 
crow-bars being let down, to consist of white calcan?ous 
mutter. Hence it seems that along this coast, as at Rer- 
muda and at Keeling Atoll, suhmarine and s«l>aerial depo- 
sits are conteuiporniKH^>u>ly in process of fortimttoii, from the 
disintegration of marine organic hmlks. The extent of 
thes4? deposits, considering their origin, is very striking; and 
they cun he compared in this respect, only with the great 
conil-roefs of the Indian and IVicific Oceans. In other parts 
of the world, for instance in Smth America, tlicre are 
Jicial calcunsMis <le)M>^irs of great extent, in which not a truce 
of organic struettirc is diseoMTuhh* ; these ohservations 
would lead to the empiiry. whether sneh ilepo^^its may not, 
also, hav<^ hi‘eu formed from <lisintegraied slicUs and corals. 

Ciipc of (Himi Hopr, 

After the accounts given hy Barrow, rarmiclmel, Bajjil 
Hall, and W. B, (darke of the geology of this district, I 
shall confine iiiv'^elf to a few ol»servatioiis on the junction of 
the three principal formations. Tin* fundamental rock b 
granite, f overlaid hy clny-slafc : the latter is generally hard, 

seen in heds of wand in La Plata, cylindrical stcmji, which no doubt thus 
ori^rinaifd ; but they diffeml much in fti>i>earancc from these at liald 
Head, and the other places alx>ve S|)cciried. 

• Proceedings of the 0 colog. Soc. vol. i. p. 320. 

t in several places I observed in the granite, small dark-coioured 
balls, coTnjJosed of minute scales of black mica in a tough baaia. In 
anothrr place, I found crystals of black schorl radiating from a common 
centre. Dr. Andrew Smith found in the interior parts of the CfOantiy, 
some beautiful specimens of granite, with silvery mica raillating or 
rather brauchuig, Uke moss, from central iJOinU. At Uie Geological 
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and glossy from containing minute scales of mica ; it alter- 
nates with, and passes into, beds of slightly crystalline, fold- 
spathic, slaty rock. This clay-slate is remarkable from being 
in some places (as on the Lion's Rump) decomposed, even 
to the depth of twenty feet, into a pale-colonrcd, sandstone- 
like rock, which has been mistaken, I believe, by some 
observers, for a separate formation. I was guided by Dr. 
Andrew Smith to a fine junction at Green Point lietween 
the granite and (Jay-slate: the latter at the distance of a 
(jnarter of a mile from the spot, where the granite appears 
on the bcacli, (though, probably, the granite is much nearer 
under-ground), liecomes slightly more compact and crystal- 
line. At a less distance, some of the beds of clay-slate are of a 
liomogeneoiis texture', and obscurely striped with ditlerent 
zones of colour, whilst others are obscurely sj>otted. Within 
a hundred yards of the first vein of granite, the clay-slate 
oonsi'its of Sf?veral varieties ; some compact with a tinge of 
purple, others glistening with numerous minute scales of 
mica and iinjuTfectly crystallized Mdspar; some obscurely 
granular, others porphyritic with small, el(>ngate<l spots of a 
soft white mineral, whicli being easily corroded, gives to this 
variety a vesicular appearance. Close to tlie granite, the 
clay-slate is changed into a dark-coloured, laminated rock, 
having a granular fracture, which i.s due to imperfect crystals 
of feldspar, coated by minute, brilliant, scales of mica. 

The actual junction between the granitic and clay-slate 
districts, extends over a width of about 200 yards, and con- 
sists of irregular masses and of numerous dikes of granite, 
entangled and surrounded by the clay-slate : most of the 
dikes range in a N.W. and S.E. line, parallel to the cleavage 
of the slate. As we leave the junction, thin bed.s, and lastly, 
mere films of the altered clay-slate are seen, quite isolated, 
as if floating, in the coarsely-crystallized granite; but although 
completely detached, they all retain traces of the uniform 

Society, there are specimens of granite with crystallized feldspar 
branching and radiating in like manner. 
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N.W. and B.E. cleavagp. Ttik fact has been ebaenred in 
i^ber aiulilar cases, and has been advanced by some eminent 
geologists,* as a great difficulty on the ordinary theory, of 
granite having been injected whilst liquefied; but if we 
reflect on the probable state of the lower surface of a lami- 
nated mass, like clay-slate, after having been violently arched 
by a body of molten granite, we may conclude that it would 
be full of fissures jmrallel to the planes of cleavage ; and 
tliat these would be fille<l with granite, so that wherever the 
fissun’s were close to each other, mere parting layers or 
wetlges of the slate would d«*jM?ud into the granite. Should, 
therefore, the whole bwly of rock afterwards l»eeoiue worn 
down and denuded, the lower ends of thest; dependent 
masses or we<lges of slate, would lx‘ left ijulfc isoliittHl in the 
granite ; yet, they would retain their })ro|>er lines of cleavage, 
from having been unitiHl, wliilst the granite was fluid, with a 
continuous covering of clay-slate. 

Following, in company with Dr. A. Smith, the line of 
junction Ixtween the granite and the slate, as it stretclitMl 
inland, in a S.E. direction, we came to a place, where the 
slate was convertcHl into a fine-graine<l, jierfectly character- 
ized gneiss, compose<l of yellowish-brown granular feldspar, 
of abundant black brilliant mica, and <d' few and thin 
laminie of rpiartz. From the abundance of the mica in this 
gneiss, comjmred with the small quantity and excessively 
minute scales, in which it exists in the glossy clay-slate, we 
must ctmclude, that it has been here formetl by the meta- 
uKupliic action, — a circumstance doubted, under nearly 
similar circumstances, by some authors. The laininm of tlie 
clay-slate are straight ; and it was interesting to ol*8erve, thjit 
as they assumed the character of gneiss, they tu'came undu- 
latory with some of the smaller flexures angular, like the 
biiiiitiiv of many true mctamorphic' schists. 

Santlitfone formation. — ^This formation makes the most 

• Spc M. Keilhau’s Theory on Granite, traniilated in the Edinburgh 
New Philosophical Journal, vol. xxiv. p. 402 . 
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imposing feature ia the geology of Southern Africa. The 
strata are in many parts horizontal, and attain a thickness 
of about 2000 feet. The sandstone varies in character ; it 
contains little earthy matter, but is often stained with iron ; 
some of tlie beds are very fine-grained and quite white ; 
others are as compact and homogeneous as quartz rock. In 
some places I observed a breccia of quartz, with the frag- 
ments almost dissolved in a siliceous paste. Broad veins of 
quartz, often including large and perfect crystals, are very 
numerous ; and it is evident in nearly all the strata, that 
silica has been deposited from solution in remarkable 
([uantity. Many of the varieties of quartzite appeared quite 
like inetamorphic rocks ; but from the upper strata being as 
siliceous as the lower, and from the undisturbed junctions 
with the granite, which in many places can be examined, I 
can hardly believe that these sandstone-strata have been 
exposed to heat.* On the lines of junction between these 
two great formations, I found in several places the granite 
decayed to the depth of a few inches, and succeeded, either 
l>y a tliin layer of ferruginous shale, or by four or five 
inches in thickness of the rcceinented crystals of the 
granite, on which the great pile of sandstone immediately 
rested. 

Mr. Schomburgk has described f a great sandstone forma- 
tion in northern Brazil, resting on granite, and resembling 
to a remarkable degree, in composition and in the external 
fonu of the land, this formation of the Cape of Good Hope. 
The sandstones of the great platforms of Eastern Australia, 
which also rest on granite, differ in containing more earthy 
and less siliceous matter. No fossil remains have been 
discovered in these three vast deposits. Finally, I may add 
that I did not see any boulders of far-transported rocks at 

♦ The Rev. W. B. Clarke, however, states, to my surprise, (Geolog. 
Proceedings, vob iii. p. 422,) that the sandstone in some parts is pene- 
trated by granitic dikes : such dikes mvist belong to an epoch altogether 
subsequent to that, when the molten granite acted on the clay-slate. 

^ Geographical Journal, vol. x. p. 246. 
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th® Cape of Good Hope^ op on the eantern and western 
ehoree of Australia, or at Yw Dioincn’s Land. In the 
northern island of New Zealand, 1 noticed some large 
blocks of greenstone, bnt whether their parent rock was 
far distant, I had no opportunity of detcruiiuing. 
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DESCRIPTION OF FOSSit* SHELLS, 

By G. B. SOWEEBY, Esq., F.L.S. 


Shells from a tertiary deposit, beneath a great basaltic 
stream, at St. Jago in the Cape de Verde Archipelago, 
referred to at p. 4 of this volume. 

1, tirroRiNA Planaxis. Cr. Sowerby. 

Testd crmtdy Ictrigatdy anfractihiu quatiiOfy ipiralitir 

itriatii; ajTerturd subomt4 ; lahio colmnellari injimdque parte 
anjraciujt ultimi planaiis : long, 0*G, lat. 0*45, //o//. 

In stature and nearly in form this resembles a small periwinkle ; 
it difiers, liowever, very materially in having the lower part of the 
last volution, and the columellar lip as it were cut ofi' and flattened, 
as in the Purpur®. Among tlie recent shells from the same locality, 
is one which greatly resembles this, and which may be identical, but 
which is a very young shell, and cannot therefore be strictly com- 
pared. 


2. Cerithium abmulum. 6r. Sotcerbg, 

Teetd oblongo^turritdy mbtmtricosdy apm subuhtOy anjractibus 
decent levitir epiraliier struuicy prirnie serie unied tubcrcidorum 
imtmetUy inknmdiie irregulariter obsolete tuberculi/eriiy 
ultimo longi majori absque tuberculUy sulcis duobm fere hasalu 
bus instructo : labii exiemi margine intemio intus crmulaio : 
long. 1‘8, led. 0*7, jwW. 

This species resembles so nearly one of the shells brought to- 
gether by I..amarck, under the name of Ceritbium Yertagus, that at 
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first I thought it mig^i be identical with H ; it may he eaeily 
diftiugutabcdy however* by iU being destitute of the fold in the 
centre of the coIumelU ao conspicaons in thoeo ilieUa* There is 
only one specimen, which has unfortunately loot the lower part of 
the outer lip, ao that it is iinpoaaible to deaoribe the form of the 
aperture. 


3. Vexcs 81MULAK8. G^. Saw^rhy. 

Te^td rotnndi^d^ hvcimciddy enmd ; emtis 

latiuseulis^ eoffafniticU^ aniict tuheixuiutim $olHtu ; 

ared cardiuali imticd idUrtv tiiira htt 'inMculd : impn44Um4l 
^tuhumbofutli citYuhirt : luny, 1 * 8 , nlf* 1 * 8 , l<tt* 1 * 5 , 

pM. 

A shell which is intennediato in its characters, Uking its placo 
iHjtween the nrrac^tm of tlio llritish ("harme! and the 

r, rnMiuia of Rantj of the western coast of Africa, but sufficiently 
distinguished from both by its broad, obtuse, concentrie ribs, wbicli 
are dividetl into tubercles both before and behind* It is also of a 
more circular form than either of those species. 

The followinj? Shells, from the same bed, as far as they can 
he (listinpiiished, are known to he recent species. 

1. rruei RA Fi'ccs. 

5. Amputdicsaia austuale. Si / Werhy , 

G. Costs VE.NULATUS, Xa;/i* 

7. Fissuuella coahctata. 

8. Pern A, — two odd valves, but in such condition that it cannot 
be identified. 

n. OsTUEA cornucopix. Xa/R. 

10. A RCA ovATA. Lam. 

11. Patella MOHiTA. JJm/yin* 

12. Turuitella mcLNGULATA ? Lam. 

13. Strom nr»,~- too much worn and mutilated to be idonltficiU 
U. IIipPONYX RADIATA. Gray, 

15. Natica niER. ra/enci^nne*. 

1C. Pectkx, which in form resembled op^ercHlarU^ but which 5» 
di-itingui»hable by several characters. There is only a single valve, 
I cannot consider myself warranted to doicribe it« 

17. PcpA HunoiAPUANA. Kitiy. 

1 H . T ROC li V 8— inflctenn inablc. 
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EXTINCT LAND-SHELLS FROM ST. HELENA. 


The following six species were found associated together, at 
the bottom of a thick bed of mould ; the two last species, 
namely, the Cochhygena fossilis and Helix hiplicata were 
found, together with a species of Sucdnea now living on 
the Island, in a very modern calcareous sandstone. These 
Shells are referred to at p. 89 of this volume. 

1. CoCULOQENA AtJRIS-VULPINA. Dc FeV. 

Tills species is well described and figured in Martini and Chem- 
nitz’s eleventh volume. Chemnitz expresses doubts as to what 
genus it might properly be referred, and also a strong opinion un- 
favourable to the conclusion that it should be regarded as a land- 
shell. His specimens were bought at a public auction in Hamburg, 
having been sent there by the late G. Humphrey, who appears to 
have been very well acquainted with their real locality, and who 
s(dd them for land-shells. Chemnitz, however, mentions one speci- 
men in Spcngler's collection, in a fresher condition than his own, and 
which was said to be from China. The representation which he 
has given is taken from this individual, and appears to me to have 
been only a cleaned specimen of the St. Helena shell. It is easy to 
suppose that a shell from St. Helena might have been either acci- 
dentally or interestedly, after passing through two or tliroe hands, 
sold as a Chinese shell. I think it is not possible that a shell of 
this species could have boen really found in Cliina ; and among the 
immense quantities of shells that come to this country from the 
Celestial Empire, I have never seen one. Chemnitz could not bring 
himself to establish a now genus for the reception of this remarkable 
shell, though ho evidently could not collate it with any of the then 
known genera, and though ho did not think it a land-shell, ho has 
called it Attrin-vfilpina* Lamarck has placed it as the second 
species of hia genus Struihiolarta^ under the name of crenulata. 
To this genus it does not however bear any affinity ; and there can 
bo no doubt about the correctness of De Ferussao’s views, who 
places it in the fourth division of his sub-genus Cochlogma : and 
Lamarck would have been correct according to his own principles, 
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if h« hid plftoed it with bis Aurieuiw. A ririely of this spscios 
occfus^ which may bo ch&riciomed m follows 

COCULOOEKA A0R]S«VCUnKA, TOn 

Tsfid aptrkurd br^iori^ k^io ttnuiori: 

1*CB, afHsrturw 0*70, /ol. 0*87, i>olL 

0»s, — ^The proportions of tbi#, differ from those of the usual 
Tsriety, which are as follows: — Length 1*65, of the aperture 1% 
width O' 96 inches. It is Nvurthy of observatioD, that all the sheik 
of this variety came from a different part of the island, from the 
foregoing s|>ccimcns. 

2. Cochlooena eonsiljs. G. Sotterl^* 

Te$tfi crusfUtHuld^ iubactitninotii^ vbinui^ nw/]r*ac- 

tibtu sen IS, tuhr<'n(riojiU\ letlur $triu(is^ mtard pm/atult 
impressd ; a/fi^rturo ; p^ ritninaUi cotithnw^ 

crm$iito ; mnhilico [Hireo : 0*8, lat, polL 

ThU species is of the stature of (\ f7ioi«/o/-uuy^wjV, but may 
easily be distinguislu?d by the fi»nn of the volutions and ilie deeply- 
uiarke<l suture. The sixicirnens vary a little in their prtjportifnis. 
This s[vecics was not obtained by 5fr. Darwin, but i'l from the 
collection of the (fCt>!ogical Sjcietv'. 

1. CoenmeUi'A SlUCLirATA. (J. »S<jKCrht^. 

Testa sHbarumin*tfj>'-f>ynittn*iiiH^ aplce aitfrnc^ 

tilns n>jerm /Hastier snbplbyitisy safurd cn^HftbtUi ; 

nperturd anttd, aeatd, Utbio exttrau (eaui ; ndupneiid 

obi’jL u suliruHcatd ; umbilko vunimo : /ony. 0*9d, A#^ 0-28, 

This and the following arc placed witli Dc Feriissac's sub*gefiw» 
Cwhlicopa, becauijo they arc most iu?arly relatetl to his Coeklkopa 
/ollicuhts* As »[>ecic9 they arc, however, both |XTfcctly distiiict, 
being much larger, and not shining and smooth like C, Folliculm^ 
which is found in the Mouth of Europe and at Madeira. Some 
very young sheik and an egg were found, which I conjecturo to 
belong to this species. 

2. Co( iimcorA TKiiKBELLrM. (7. Botterhp. 

Testa obhaufti, r^iimlraeeo-ppmtnUiali^ a/ne^ ohitmtuculo^ an/mc* 
itbus uepo-uis, h eihuM ; mint'd jmtied crmuUUd ; <kp^wd 
otali^ fxjstice acuui^ labia exietm tenui^ aniici decliti / 
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mdU ohtolttl truncatd^ umMlieo minimo; long. 0*77, hit. 
0*25, poll. 

This species differs from the last in being more cylindrical, and in 
being nearly free, when full grown, from the obtuse folds of the pos- 
terior volutions, as well as in the form of the aperture. The young 
shells of this species are longitudinally striated, and they have some 
very obsolete longitudinal folds. 

Helix bilamellata. G.Sowerhy. 

Te$iA orhiculato-deprmd^ spird pland, an/ractibus seiiU^ ultimo 
mhtm tmuicoio^ »uperni anyulari ; umhilico parvo ; aperturd 
9emilunari^ mperne extiis angulatd^ lalio externo tenui ; intemo 
plicU duahus gpiralWuSy jjostied rnajori : long. 0*l5ylat. 0*33, 
poll. 

The young shells of this species have very different proportions 
from those marked above, their axis being nearly as great as their 
width. The largest specimen is white, with irregular ferruginous 
rays. This is very different from any known recent 8j>ecies, although 
there are several to which it appears to have some analogy, such as 
Udix epiuglixim or Cookiana^ and //. gularis : in both of these, 
however, tlio inUirnal spiral }daits arc placed within tlic outer wall 
of the shell, and not upon the inner lamina, as in Helix lilanudlata. 
There is another recent species, which is somewhat analogous to 
this ; it is ns yet undcscribed, and differs from this and from 
Cookiana^ in the circumstance of its possessing four internal spiral 
plaits, two of which are placed within the outer, and two upon the 
inner w’all of the shell ; it w'as brought from Tahiti, in the Beagle. 

2. Helix polyodon. G. Soicerhg. 

Tend orbimlato-9uhdepressdy anfractibiis seXy rotundatisy striafU ; 
aperturd semilunariy labio interna plicis trihm spiralibuSy 
puftids gradiitim majoribusy externo intvs detifibus quinque 
Instructo; umbilieo mediocri ; longy O' 07 y la t. 0*15, /x)//. 

This is somewhat related to Helix coutorfay of Dc Fcrussac, Moll, 
terr. et fluv. Tab. 51 A, f. 2 ; but differs from it iu several par- 
ticulars, 

3. Helix spurca. G. Sowerbg. 

Testd mhorhiculariy spird suheonoukd^ obtusd ; an/racHbtis qua^ 
tuor itmidisy snhstriatis ; aperturd magndy peritrmate tenui ; 
umhilico par voy prof undo ; long. 0*1, lat. O'lBy poll. 
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EmSlf diitmguUlidi fiwm HfUm polj^athn^ by Hi widai ioolhkni 
aporiure* 

4* Helix biplicata. G . Sorntby . 

Tesid 0 rbi€HJiU<hJ^pre$*dy a$$/raeHbm qainqu^ tvtumtittiSf $(ri($(U ; 
oimHurd $0niliinm% labh iwleriio piicU dmlm $pimHbu$^ 
po$ticd tnajori; nmbili^o tmyno; lofiy, 0*0b^lat, 0*1, /W/, 
This must he reganled as perfectly distinot from HelLt hUamdhki^ 
oil account of its form ; iU uinbiiicus is much larger, its spim is not 
fiat, nor is the posterior edge of each volution angular* There are 
s[K!cimens, which must be referred to this 8|w?cies, found with the 
foregoing species^ and with the Coyloyena fosuilii^ which latter is 
associated with a living iSuccinea, in the modern calcareous sand- 
stone. 


PAL.«;OZOIC SHKLLS FHr>M VAN DIEMKN'S LAND, 

RKPEttaED TO AT V, 13S OF THIS VOLUMF. 


1, PuoOKrrA HKiATA. 

'riiis is probably the same sjtccics with that named Pro*iu^(4t 
rn f iui by Phillips (Geology of Yorkshire, part ii. {date vii. f. 10) : 
it i>, liowover, in too im|>crfect a condiliou to allow me to decide 
{)Oikitively. 


2. Puoi>rc"TA HRAcnYTrLf'^BiM. Somrhy, 

Product a, ttiftd i^uhtrape^i/ormi^ parts aniicA latlori^ 

ifuh'hlhAni^ pQjfticit anymUifr'i^ lined cardinnli IrrerL 
Tlie iiioet rcinarkabie charact4^rs of this species, are the shortness 
of tlie hinge-line, and the comparative width of the anterior part : 
its oiib^idc is ornamented with small, blunt tulx-nrles, irmgularly 
placed : it is in limestone, of the ordinary grey colour of mountain 
limestone. Anotlicr specimen, which I suppose to be an impression 
of tlio inside of the flat valve, is in stone, of a light, rusty-bfown 
colour. There is a third specimen, which I believe to be the ini- 
l>rcssion f)f the inside of the deeper valve, to a uoarly stmilar stone, 
acc9in{)anied by other sheik. 
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!• Spiripera BUBRADiATA. G. Sotcethy, 

Spirifera^ testd IwtUnmd^ parle mediand laid^ radix* lateralibus 
utrimqtie laUsrU paucity incompicuu. 

The breadth of thia shell la rather greater tlian ita Icn^h. The 
rays of the lateral surfaces are very few and indistinct, and the 
medial lobe is uncommonly large and wide. 

2, Spiuifeba ROTtJNDATA ? Phillip* s Geology of Yorhhiroj 
pi. ix. f. 17 . 

Although this shell is not exactly like tlie figure above referred to, 
it would perhaps bo impossible to find any good distinguishing 
character. Our specimen is much distorted ; it is, moreover, an 
example of that sort of accidental variation that shows how little 
dependence ought, in some instances, to be placed upon particular 
characters ; for the radiating ribs of one side of one valve, are much 
more numerous and closer than those on the other side of the same 
valve. 


3. Spirifera trapezoidalis. G . Soiterly, 

Spirifera^ teetd mhtetrayondy mediand parte profunda^ radils 
nonmdlU^ eubinconspicuh ; radii* laferalibtt* utrius*pte lateris 
ftepiem tvl octo dhtlnctis : long, 1 * 5 , lat, 2 ’, poll. 

Tliorc arc two specimens of tliis, in a dark, rusty, gray limestone, 
probably bituminous. 

Spiriff-RA trapezoidalis, var. ? G. Sowerby. 

Spirifera^ tesid radii* lateralibm tripartitim dirm*, linei* incrc- 
menti afitiguatisy caUeroquin omnind ad Spiri/eram trapezoid 
dal cm similUmd. 

At first I hesitated to unite this to tSpiri/era trapezoidalhy but 
observing that at the commencement the radiating ribs were simple, 
and knowing that these are subject to variations, I have thought it 
best merely to distinguish this specimen as a variety. 


There are several other, probably distinct, species of Spiriferce, 
but as these are only casts, it is obviously impossible to give the 
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ccximial otumoim of iho species. Siece» bowem, they M very 
renierkabh^ I bsYO tbougUi it edvUablo to give » together 

with a dbort deecription of eaelu 

4. SriaiFEHA PAcacosTATA. O, 

Ixmgth equal to about two*thirds of ita breadth ; ribs few and 
variable. 


5. Spirifeha Ve^pertilio. O . Sow ^ rhy * 

Breadth more than double its length, nuliating ribs rather large, 
distinct, and not numertms ; |Hmterior inner surface coveted with dis- 
tinct punciolations in both valves. 

0. SriHIFERA AVICCLA. 0 \ 

Tlio proportions of this species arc very renark able, inasmuch as 
it apjxars to have been nearly three tiiiit's ns witle as it is long ; the 
radiating ribs are not very nuinernus, and the internal posterior sur- 
face of one valve alone (tin* large valve) has Uvri purictukted. In 
its proportions, it rc^sembloM IMnllipM’s SjiirifWa but as 

our aricnla is only a cast (»f the inside, its proportions art' not so 
abnormal as tho^e of Sp. omrohita^ 

A sptx'iinen wliich is very much pre^i^ed out of ii-i natural shape, 
but wliicli still apj?ears to diftVr somewlmt in il*^ ]>ro]j»>rtioiiis shows 
not only ilir cast of the inside, but also the impression of the out- 
side; its nuliatirig rihs are very irregular, aiul numerous, but it 
must he regardeil as doubtful whether some of them Ik* not principal 
and others only interstitial : their irregiibrity renders it iiiijKmsible to 
ih-cidc. 


of Yerk*hir« , Part 2. P)aU* IX. E 7. 
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DESCRITOON OF SIX SPECIES OF CORALS, 
FROM THE PALA50ZOIC FORMATION OF 
VAN DIEMEN S LAND. 


Br W. LONSDALE, Esq., F.G.S. 


1. Stenopora Tasmamensts, sp. n. 

Branched^ hra7iches cylindrical^ rariomly inclined or contorted ; 
tubcjn more or less divergent ; mouths oral^ divisional ridges 
sircmgly tnlereidated ; indications of successive narrotcing in 
each tubey 1 — 2. 

This coral, in its general mode of growth, resembles Cahmo/tora 
{Stenopora?) tumiduy (Mr. Phillips, Geol. Yorkshire, Part 11. 
n. 1 , fig. ^»2), but in the fonn of the mouth and other structural 
details, the differences are very great. Steno^nyra Tasmanicusis 
attains considerable dimensions, one specimen being 4| inches in 
length, and half an inch in diameter. 

The branches have individually great uniformity in their circum- 
ference, but they differ with respect to eacli other in the same spe- 
cimen ; and there is no definite method of subdivision or direction 
of growth. Tlie extremities are occasionally hollow ; and one 
specimen, about 1 J inches in length, and half an inch in breadth, is 
crushed completely flat. The tubes, in the best exposed cases, have 
considerable length, springing almost solely from the axis of the 
branch, and diverging very gently till they nearly reach the circum- 
ference, whore they bend outwards. In the body of the branch, 

* Tliough the characters of this genus- are unpublished, it has been thought 
achisahlc not to give them ftilly in Uiis notice, a very few species only having 
Ix'cn examinctl. Tlie coral is essentially composed of simple tubes, variously 
oggregaU'd and ratUating outwards. Tlie mouth is round or oblong, and sur- 
roun<lcd by projecting walls, having along Uie crest a row of tubercles. The 
mouth originally oval is gradually narrowed (crrev6c) by a band projecting from 
the inner wall of the tube, and Is finally closed. 

M 
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the Mm arc angelar from lateral tnterieroDce ; bnt^ on approaching 
the enter aurface^ they bocomo oval in coiifjc<|uenco of tiio inter* 
spaces proilnced by the greater divergence. Tlieir diameter very 
unifonn ihroughoui, with the exception of the narrowings near the 
terminations of the ftill*grown tubes. Tlie walls in the interior of 
the branches were ap|>arently very thin, hut there is a relatively 
considerable thickness of matter at the circumference. No tracer 
of transverse diaphragms have been maictxl within the tul>e% 

Cast^ illiistrativo of the changes to maturity and final obliteration 
in the oval tenuiuation of the tubes are rariv but the following have 
been observed. Whea* the mouth iKH^omcs free and oval, thf» walls 
are thin and sharp, and per|HuidicuIar within tlio tul>e. In some 
cases they are in contact ; hut, in others, they .are separattjd by 
grfx)ves of variable dinun^ion-s in whicli very minute foramina or 
pores may Iw? detected. As the mouth approaches t4>\vards matu* 
rity, the gro^>ves are mure or Ic'^s filKd up, and the walls thicken, a 
row of very miiiulo tulH.rcles In ing discoverable along the crest. At 
this stage, the intjer si<le uf the tube ceases to be vertical. Wing 
lined by a very narrow inclined band, 'riu* mature months are 
sej>arateil by a bi)bl ridge, generally simple, but not unfnH|ucntly 
divided by a groove ; the double aa wtll as the single ridge Wing 
surmounted by a row <>f prominent lubervles alnu^st in contact 
with each other. Chily one example of the filling up of the mouths 
has bwn observed, but it afVords satisfactory evidenc<‘ of a gradual 
expansieui of the inner barnl, before alluflcd to, and a final meeting 
in the centre. In tliis extreme state, there is a general hleruling of 
detail-, but the tuberele^ are for tlie most part distinct. 

In tills sjxeies, [uoofs of a narrovving of the mouth prcvnuisly to 
t]o‘ formation of the perhet tube, and the final contraction, are not 
very prominently exhibited in the long cylindrical straight branches; 
but near ilie point wljero the tubes Wnt outwards, there h an annu* 
lar indentation, which may Ik* traced successively from cast to cast 
in a lineal direction, parallel to the surface; and between the pro- 
minent narrowing and the perfect surface, the walls of the tubes 
were slightly rugose. In another short branch, Ixdicvod to belong 
to ihtH Hjiceics, but in which the tubeii divcrgo<l outwards very 
rapiiily, the narrowing is strongly marked,’ but not to an equal ex- 
tent throughout the ftjxx!iinen. 

ni(‘ matrix, in which the fossil is imbedded, is a ecnrso cilea- 
ri'ou^s shale, or a gray limestone ; and in which occur also FmsUeUa 

inkrhuta^ &e. 



APPENDIX. 


163 


2. Stenopora ovata, pp. n. 

Branched^ hrancheB oval ; tiihei reloiltdij ihori^ divergence greut ; 
mouths round; contractions or irregularities of grou:ih nu^ 
merom. 

The characters of this species have been ver)" imperfectly ascer- 
tained. ^ The branches arc not uniformly oval, even in apparently 
tho same fragment* Tlie tubes diverged rapidly along the line of 
the major axis, and had but a very limited vertical growth. Their 
casts exhibit a rapid succession of irregularities of development. 
Tho mouths, as far as they can be detennined, were round or 
slightly oval, and tho dividing, tuberciilated ridges sharp ; but in 
consequence of the outer surface not being exposed, their perfect 
characters, and tho changes incidental upon growth, could not be 
ascertained. 

Tho coral is imbedded in a dark gray limestone. 

1. Fenestella ampla, sp. n. 

Cujj shajfed ; celluliferom surface internal; branches dichoti- 
inous^ broad^ Jlat^ thin ; meshes oral ; rotes of rclh numerous^ 
rarclg limited to two^ alteniate* ; transverse connecting processes 
sometirncs cellular ; inner lager of non-cellnlar surface rerg 
fibrous; cjrternal lager rerg granular^ non fibrous ; gemniU'- 
liferous vesicle ? small. 

Some of the casts of tliis coral have a general resemblance to 
FenestcUa polgporata^ as represented in Captain Portlock’s Report 
on the Geology of Londonderry, PI. XXII. A. fig. 1 a, Id; but 
there is no agreement between the Yan Diemen’s liand fossil, and 
the structure of that species as given in PI. XXII. figure 3. of 
tlio same work, or in Mr. Phillips* original figures, Geology of 
Yorkshire, Part 2, PI. I. figures 13, 20. A general rescmldance 
also exists between Fenestella ampin and a coral obtained by Mr, 
Murchison from tho carboniferous limestone of Kossatclii Datcbi, on 
the eastern flank of the Ural mountains, but there is again a marked 
dillercnce in structural details. 

Fenestella ampla attained considerable dimensions, fragments ap- 
parently of one specimen covering an area of 4 J inches by 3 inches ; 
and it displays considerable massiveness of outline, the branches at 
the points where they dicliotimose often exceeding the tenth of an 
inch ill breadth, 

- M 2 
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In tlw aspect of the coral a considerable iinifomUy pie- 

vaila, but the branches vary in breadth, awelUuf; out greatly near 
the bifurcations; nevertheless, there is no marked di0hrence of 
character Wtween tin? bast; and the up|>er }mrt of the cup, oven in 
the number of the rows of cells. 

In the liest stak' of the cellular mirface, which haa bt?en noticed, 
the mouths of the cells are relatively large, rouiul or oval, and arc 
dofine<i by a slightly raisiil margin ; and lui undulating, thfead'-liko 
ridge winds between thorn, dividing the inU^rspat'os into Itr/enge* 
shaped areas. The ro>vs of cells, iinmc^liately pn^ceiling the bifurcation, 
sometimes amount to ten, and after the separation generally exceed 
two. The mouths of tlie lateral rows proji'ct into the nii^hi.^ ; and 
the transverse couiu’ctlng pr*K<-imN are Mmietiines cellular. The in- 
toiNpaces between the nxmtlw, as well the undulating ridges, ore 
granular, or very minutely tnhercnlatcd. Internally, the cells ex- 
hibit the usual ol)rnju*’ urraiigi-no nt, <»verlying each other, and ter- 
minating abruptly agai^^t tlie dorsal part of tiie branch. Tla> ix^r- 
feet casts of the cellular s\uface Luve the reverse of ilie chai.acters 
just noticed, hut more generally the impressions display scarcely a 
trace of any otlier structure than longitudinal rows of circular 

UluUtlH. 

On the inner layer of tlie non-cellular surface, twenty well- 
marked [*ara!!el fibres, with interinediatv narrow grooves or corre- 
spomli/ig ea-its, may sometimes he detected, and the iiumlxT is 
always c iisiderahh'. d'jie inode of preservation <Ii<l not [xTinil the 
true nature of the fibres to he <liscovered, hut in con^>e<|aeiicc of 
what ha-i been notie, -d in f»ther specie-*, it is inferred tiuit they are 
tubular, d heir range is ronsiderahle, hut in tlio sjH'cimen, which 
exhibits their struetr.re uo^st fully, tliey arc fre<juently cut off by 
circular foramina. Tie ir perfect surface is minutely granular. 
The </uter layer, <vr hack of the branches, is composed of an unihuiu 
cru-'t witliout any indications of fibre?*, but covered witli numerous 
mieroseopic [*apillie, ami corresponding pores {wnetrating the nub- 
stance »>f the layer. 

l lie fmly indications of gcminulifurouH vesicles, arc ^unall circular 
]/its occa^ioiKilly .situated over the mouth, and agreeing in position 
with t.h<' ve^ich's, which in otlicr cellular gemera, have Ixjew con* 
siderrd as gojnnudih rnus. In the Ilus^ian wpeciimm before alludcMl 
to, casts (if -similar pits are very uniformly distributed between the 
ca'?ts of the mouths. 

I he jounce it state of the coral has not been noticed, nor have 
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any marked changes incident upon ago, except the gradual thicken- 
ing of the non-cellular surface, by the coating oYcr of the fibrous 
layer. 

The matrix of the Hpecimens is a dark grey S[dintery or an eartliy 
limestone. 


2. Fenkstella intern ata, sp. n. 

Cup^hapal ; cdlidiferom surface internal ; branches^ dichotimous^ 
compressed^ breadth mriahle ; meshes ohloufj^ narrow ; rows of 
cells 2 — o, divided by hngitwiinal ruhjes ; transverse connect- 
iny processes short without cells; non--cellular surface^ inner 
layei\ sharply Jibrotis^ outer layer ^ minutely yranular. 

By the delicacy of its structure, this species is easily distinguish- 
able from Fin, ampla; and in the rows of cells varying from two 
to five, as well as in their mode of development, there are furtlicr 
well-marked dlflercuccs. It appears to have attained considerable 
dimensions, fragments having been noticed an inch and a-half in 
length and an inch in breadth. 

The branclu's vary in widtli, swelling out gradually towards the 
bifurcations, but without any alteration in the form or sixe of the 
meshes ; and as far as the state of tlie sj>ecimens will permit an 
opinion to be formed, no marked changes occurred during the deve- 
lopment of the cu}), except one about to be noticed. On tlie cellu- 
lifcrous surface of the branclu's, coiisi<lcrable, but uniform, altera- 
tions take ])lace between the successive bifurcations. For a vshort 
distance above the point of separation, the branch is narrow and 
angular, and traversed along the centre by a ridge, and there is only 
one row of cellular mouths on each side. As the branch grew, the 
ridge widened, and ultimately became ccllulifcrous, a row of mouths 
springing from its place (internata). The three ranges of cellular 
openings are, in this state of the branch, separated by two ridges, 
and these, as the development advanced, again widened and became 
cellular, the five rows being divided by four ridges. This appears 
to be the extreme stage of growth, another bifurcation taking place 
immediately after. In the earliest formed part of the cup only two 
or three rows of mouths prevail ; and where the number is greater, 
a certain amount of irregularity in the linear arrangement is percep- 
tible, resulting from tho lateral expansion of the branch. 

In the best preserved specimens, the mouths are relatively large, 
round or oval, and tho margin is slightly raised. In the middle 
rows they are parallel or nearly parallel, and in the direction of the 
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lads of Umi bmmAi ; but in ibo lido row« Uiejr aio often 
pteoid^ iiwdiiibg towordi iho mesboo. In them mmly poffeet ipom* 
mmm ibe dividing tidgeo mro thmd-Ukc and aUgbtiy wav«4| hu% 
thoro b no inioo of Ibo loioiigo^aped cotnpaitmente ao disUnetly 
exhibited in /Vnate/ia 4Mmpla. The tnimpaces between ibe moniha 
are flat or elighUy convex. In speoimens lew finely pieaervedf or 
deprived of the original anrfiice, the mouilis are not unifonn in out- 
line, and have no projecting margin. The dividing ridgee lyne aleo 
relatively broader ; and the whole surhce^ including the tranevcrae 
connecting proecssMua, i» granular or minutely tubcrculated. 

The inner layer of the non-eellular surface i« ubarply fibroua, and 
the sMimc sitriicttirc may be mort' or less clearly detected in the 
connecting proccwscs. The number of fibres on the 
branclu's do nut apparently exa'cil twelve, and they are in general 
less numerous. Their range is considerable, additional one* beirig 
inter|K)lated as the branch widens ; and their iurfaes.' is minutely 
tuborculattxi. No separate, circular foramina were noticed. The 
outer layer is imifurmly granular, where completed, hut every intCT- 
luodiato state from the sharply fibrous may bt* tnici'd on the same 
sjiccimen. 

No cHstinet proofs of gemmuliferous vesicles have Ktru ohscrvwl, 
but in a specimen, wiiich is iKlievrd to exhibit impris*>iuni9 of this 
s}>ecies, there are occasiuuany to Im/ detcettMi, near the mouths, 
hemispherical perfectly rounded un the surface, and evidently 

imc' imectid immediately with the interior nf the celU, and which it 
is prisuirud may rrproont tht^*Ht* vcVicles. iu:u^$(*Ua inUTiuKiM 
ap{>t;ars to lie an abundant fossil, ono slab nearly eight inches long 
and six wide, Iwing covered uii liotli »itW« with fragment of it, aud 
numerous smaller 'Specimens occur in the collection. t*lie matrix 
is cliiedv a coarse gray calcan ou^j shale, but it isi jfometimcv a fpliii* 
Ury llim>t >ne, f*r a liard femigiiK»u« or light-colotmi^l cIay*rftoiie. 


d. Kkne-htulka PosjULa, n. 

< cdluH/t rot(4t §Hr/ftC€ internal ; hranches dkAoHnmui 

r oral ; rair# of celh^ two ; tramter$e proew^ 

non rrlhflar ; inner layer f/ nm-cdltili/*^rt>m wur/ace minuiely 
jVn'on>^ ; ueUrnnl Uuj^r fmrtoth or yrannlar. 

In geufTal aspect and structural details, thb sfveciw bears a grwl 
resemblance* to F, n* Hdla JiuHtroeea of the magnerian Hotoaioiia of 
Imgland, Q^ol. Traus., 2iid Series, VoK III. 
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Pi. XII. t S)) but it diflbn from it in the peculiar character 
exliibited in the oast of the oeiluliferous surface, the nature of which 
will be given in noticing that surface. 

The principal specimen is a nearly perfect cup 1 J inches in height, 
and about two inches across the widest, compr^^sed part. There 
are no marked variations of character, but occasionally, irregu- 
larities of growth, due, apparently, to accidents daring progressive 
development. 

The following detaik have been obtained from casts, no perfect 
surface having been noticed. — The branches had great uniformity of 
dimensions, swelling hut very slightly at the distant points of bifur- 
cation, and their thickness was apparently nearly equal to their 
breadth. Tlie cast of the cellular surface is traversed along the 
centre by a sharp narrow trench with nearly vertical 

sides, the distinguishing character between this species and Fen. 
fluMtracea. The cylindrical casts of the mouths, or the interior of the 
cells, are arranged in a single row on each side of the trench, and 
no increase of number is clearly perceptible at the bifurcations. 
Along the centre of the trench is a row of indentations or minute 
conical pits, a character noticeable in other^^^species, particularly in 
Fen. Jlmtracea. '^Fhey are plainly not casts of cellular openings, 
but of relatively large papillee. Traces of such projections have 
aso been noticeil in several otiier instances. 

The mouths of the cells, in tlie minute fragment which has been 
obtained exhibiting tbetn, are large, round, slightly projecting, and 
not very distant, and in the same atom is an imperfect keel. The 
remains of the non-cellular surface exhibit no characters requiring 
notice, but indications of a striated and smooth layer have been 
observed. 

The two specimens which afforded tliese structural details have a 
matrix of dark -coloured, hard limestone, 

Hemitrypa sexanqula, sp. n. 

Net-tcork hexagonal ; itieehes round m double ro\es. 

The coral to whicli tlio above inefficient characters are applied, is 
imbedded in tho shaly siirface of a dark, hard limestone. It is 
about an iucli in breadth and half an inch in height, and consists of 
two layers of net-work, — one presenting quadrangular meshes, and 
the other hexagonal, with a round, inner area ; and over a consider- 
able part of the specimen, the quadrangular network has been 
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romorcd^ wb^feby Uic oonnwon of tho two (itfuotum it perfiHJily 
exposed. 

This fo««il it beliovinl to agree completely in Ha essential getierio 
characters wiilt those of Ilemtir)'pa (Pah Fuss. Cornwall^ p, 27)i 
but it« state of preservation^ and some facilities affbrdiMi by it for 
dctentiining structural details, have led to an inference rc'specting 
its nature somewhat differout from that given in the work just 
quoted. 

The inner surface of Ilrmitn/p*i i^culdia (A<, rir.) is described as 
‘‘ marked with radiating ridge.-/' having interveniiig ** oval depres- 
sions, which penetrate only half tlirougli the substance of the coral, 
and no wbero reach the outer Mirface/’ The c<jui valent j>oftioii of 
tlu‘ Van Diemen's [.and sptximen agr« jH^rfectly with this wlatc- 
ment, except in the form of tlie lue^hl^s or depressions; it b, Imwr- 
ever, nut inerely “like M)me Fenestilliv/’ hut it pos«t'S5!»os all the 
t^sential chaniclers of that genuH, and is heUevvd to hv a fragment 
of Fi ft. /.xsoAi. This inh rence h drawn from a minute portion 
ineciiankiilly detachech and which exhibited a row of large, round, 
projt^'ting, cellular imniths. The external surface of Hem, 
is descrilxd as “wholly covere<l willi numerous round port^s or 
cells ’ — "■ as?w)ciated in double roW'»," and the corresjmndlng portion 
of I/i fn, luis been ascertained to consist alst) of a siiuihir 

surface of double rows of round iii> shes or pores/' hut with liexa- 
gt)iiai houndarit s ; and they arc show n, as exhibited by the s|Hs:i!nen 
in its eriihetldeil state, to pem*trate to the surfiue erf the Fcne?*tella 
or qua<irangular net- work. 

'liiise details are conc<‘ived to lx* suflielcnt to establish a generic 
agrtsanent between the Van Diemen’s I^and coral an»l //emiVry/x* 
nrnlaht ; and an examination of an Irish specimen of that gemisi 
ha< fully confirmed the structural details exhihiUs.1 in tho inner 
biirfare ' of the specimen to wldeh, pro\bionalI)% tho name of Ilmi- 
tvHpa yexawyula applied. 

Of the true nattire of the ^‘external'* net* work no opinion w 
ventured. It is formed almost entirely of dark gray, calcarcou# 
matter, ftlling apparently an originally (xdlular structure; but there 
are. also a few small patches of the outer cuveriiig, consbiiog of an 
o].riqm* Nvhito crust hw the surface, w hict was originally in contact 
with tlie external ni't-work. That it was a parasite little doubt b 
ente rtained, and tfic interesting agreement lietwcen the space occupied 
by tbe ao.iblc t..w gf and that of tho jjarallcl branches of 

the F < ncwulla arb-c. upimantly ffoin tho latter having afforded 
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suitable base lines for attachment. In the Van Diemen's Land 
specimen, the agreement is marked by an increased breadth in the 
net- work, and by a row of projecting p>oint 9 . There is also a re- 
markable agreement between the arrangement of the mouths of the 
Fencstella and the meshes of the inner” net-work. Similar con- 
formities are admirably shown in Mr. Phillips's excellent figures 
(Pal. Foss. PI. Xni. f. 88). 

The solid portions of the structure being exceedingly fine, resem- 
bling the thread of the most delicate lace, attempts to discover satis- 
factorily internal cliaractors proved unsuccessful, except in one place, 
where a true cellular arrangement was believed to be visible.* 
Of the naturo of the investing crust, nothing also has been 
determined. 

I’hongh the name Hemitrypa may be objectionable, as applied to 
tlie corals under consideration, it has been thought right to retain 
the word, until the full characters of the genus shall have been 
ascertained. 

Falmouth, January, 1844. 

* A Codrington lens, half-an-inch in diameter, was Invariably used in ex- 
aiuiniug the corals descrilied in this notice* 
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PREFACE. 


The present volume comj)letes the Geology of the Voyage 
of the Beagle : the first part was on the Structure and Dis- 
trihiition of Coral Reefs; the second part contained descrip- 
tions of the V’^olcanic Islands visited during the expedition, 
together with a brief notice on the Geology of the Cape of 
Good Hope and of parts of Australia; this third and last 
j)art treats exclusively of South America, and contains all the 
geological observations, worth publishing, which I was en- 
abled to make, with the exception of three papers, — one on 
JCrratic Boulders, in the sixth volume of the Geological 
Transactions; the second on the Connection of Volcanic 
IMienomena, in the fifth volume of the same work-, and the 
third on the Geology of the Falkland Islands, in the third 
volume of the Journal of the Geological Society; in the 
latter volume there is a separate notice by Messrs. Morris 
and Sharpe on the palseozoic fossils of the Falkland Islands. 

As the sum of ojie thou.sand poinids, most liberally 
granted by the l^jrds Commissioners of Her Majesty’s 
Treasury, together with a further sum advanced by Messrs. 
Smith, Elder it Co. and myself, has been expended in the 
united jtubiication of the Zoology and Geology of the Voy- 
age of the Beagle, no other systematic volumes will appear. 
Hence it may be convenient here to give a brief list of the 
works already pid)lished. The Zoology consists of five 
volumes, on fossil i\Iammalia, on Living Mammalia, Birds, 
Reptiles, and Fish, — respectively the works of Professor 
Owt'u, Mr. Waterhouse, Mr. Gould, Mr. Bell, and the 
Rev. L. Jenyns. The Plant.s collected in South America 
have been described by Dr. J. D. Hooker, in his great and 
admirable I'lora Antarctica, and those from the Galapagos 
Archipelago in a separate memoir in the Linnean Trans- 
actions : some other parts of the collection have been treated 
of by the Rev. Professor Henslow, and Rev. J. Berkeley, in 
separate pu[)ers. jMr. Bell has undertaken the Crustacea, 
atid Mr. White, of the British Museum, the Arachnidae: 
several j)apers by IMcssrs. Waterhouse, Walker, and News- 
man, on Insects, have already appeared, and others, 1 hope, 
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will follow. 1 have myself |uil>rmlii*il a few on 

of ihe invertebrate anhmUH obsiTveil ilurin|i^ the voyaf^ts ainl 
1 iiiteiul that more shall noon follow. lastly, in my Jmirnal 
1 have emleavouretl to give a sketch of the nutnru! history 
of the various countries visiteti ; ami Captain Fit/Jloy has 
given a full ami excellent account of the whole voyage. 

I cannot allow this last opjHirtunity to pass, without again 
aeknowknl^ing my great obligations to ( nptain I'ifzlloy ; — 
it was to iiis wish alum? that a naturalist was taken cui 
iHMinl, and that 1 was perinitteil (through the kindness of 
Captain Ileaufort, the HydrogrupluT) to volunteer my ser- 
vices. To Captain FitzUoy, and to all tht^ Othcers of the 
Btragle, 1 must ever feel most grateful for the uiideviating 
kindness with which 1 was treated during our long voyage? 
of tlve years. For aid in my geological c*ollt*ctions, 1 must 
more particularly return my sinc(‘re thanks to Mr. (now 
Cajilain) Stokes, to Lieutenant (now Ca|>tain) Snlivaii, to 
Mr. Kent, and to Mr. King. 

In tli(‘ pre[>arution of the pr< m iit volunH‘ 1 have rec(‘iv(Ml 
assistanee from several naturalLsts. Prof<>sor Milh‘r of 
Cambridge lias aided im^ in the determinal i(»n of many 
minerals: through the kindness of Sir 11. De la Ibrlie, Mr. 
Trenham Reeks, of the MiiJiCuin of Heouomic ( Jeolotry, has, 
in the most obliging maimer, analysed for im* some salts and 
other substam‘es. Mr. (i. B. JSowerhy has kindly nndcTtakmi 
the de'seription of my coIh*ction of f(^*'sil-slu‘lls. M. Aleide 
dOrbi^'iiy, in his great work on .'^outh America, having pub- 
lished dt'seriptions of many fossil mollnsea, 1 to«>k the liberty 
of writing l<^ him to n que’r^t that he wmdd i>e so good as \o 
look tbrijugh my eolleclion, and to this reipiest he acceth^d 
in tile most obliging manner : hem‘e ever\ spetaes, with M. 
d’Orbignj’s name attaidied to it, luis been identitii‘d by him. 
Not only did M. d'Orl>igny n nder me this imptirtant sm*- 
vice, but, as will l)e apparent in the course of this work, he 
has fuv<>ur(‘d me with his opinion on tin: ug«‘ of the s<*verul 
groups of fossils, and on the distinctness and aliinities of 
many of the sjieeies: considering that I had no claim on 
M. (1 OrhignyV time, I cannot express too strongly mv sense 
of his extreme kindness. I>Jistly, J luiisl return my cordial 
thanks to Professor K. Forlies, who, in the miiLst of hia 
numerous avocations, has found time carefully to examine 
and describe the Secondary Fossil Molluscii from the Cor- 
dillera of (diile. 

ScrTEMHr.R, IHMi 
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CHAPTER I. 


ON THE ELEVATION OF THE EASTERN COAST OF SOUTH AMERICA. 

Upraittd ShelU of Plata— Bahia Blanca, Sand-dunet and Pnmice-pcbblet — 

Step-formed Plaina qf Patagonia, with upraiml Shells— Terrace-bounded 
Valley (f Santa Cruz, formerly a Sea-strait — Upraised Shells of Tierra 
del Fuego— Length and breadth of the elenated area— Equability qf the 
movements, as shown by the similar heights of the plains— Slowness of the 
elevaiory process— Mode of formation of the step-formed plains— Summary — 
Great Shingle Formation qf Patagonia ; its extent, origin, and distribution 
— Formation qf sea-cliffs. 

In the following volume which treats of the geology of South 
America, and almost exclusively of the parts southward of the Tropic 
of Capricora, I have arranged tlie chapters according to the age of the 
deposits, occasionally departing from this order, for the sake of geo- 
graphical simplicity. 

The elevation of the land within the recent period, and the modi- 
fications of its surface through the action of the sea (to which subjects 
I paid particular attention) will be4rst discussed ; I will then pass on 
to the tertiary deposits, and afterwards to the older rocks. Only 
those districts and sections will be described in detail, which appear to 
me to deserve some particular attention ; and I will, at the end of each 
chapter, give a summary of the results. We will commence with the 
proofs of the upheaval of the eastern coast of the continent, from the 
Rio Plata southward ; and in the second chapter, follow up the same 
subject along the shores of Chile and Peru. 

On the northern bank of the great cstusiry of the Rio Plata, near 
Maldonado, I found at the head of a lake, sometimes brackish but 
generally containing fresh water, a bed of muddy clay, six feet in 
thickness, >vith numerous shells of species still existing in the Plata, 
namely, tire Azara labiata, d’Orbig., fnigments of Mplilus eduUformisy 
d'Orbig., Paludetlrina Jsakllei, d'Orbig., and the Solen Caribam, 
Ijam., which last was embedded vertically in the position in which 
it had lived. These shells lie at the height of only two feet above 
the lake, nor would they have been worth mentioning, except in con- 
nexion with analogous facts. 

At Monte Video, I noticed near the town, and along the base of 
the mount, beds of a living Mytilus, raised some feet above the 
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snrftoe of Uio Plata : in a aimilar bed^ at a height {rom tl^irteen to 
eixteofi feet, M. Isabelle collecte<l eight species* which* according to 
M* d’Orbigwy*^ now live at the iiioutn of the estuary. At Colonia 
del Sacramiento, further westward* 1 observed at the height of about 
fiftiNim feet above the river, there of quite fresh water, a small bed of 
the same Mytilus, which lives in brackish water at Monte Video. 
Near the mouth of Urugtmy* and for at least tliirty-five miles north- 
ward, there are at inU^vala Jgrge sandy tracts* extending scworal miles 
from the hanks of the river, but not raised much above iU level, 
abounding with small bivalves* which occur in such numl5ers, that at 
the Agraeiado* they are sifted and bimit for lime. Thtust? which I 
examined near the A. S. Juan were much worn ; tiny consisted of 
Macfra Jiohelleiy d’Orhig.* mingliHl with few of Venm sinuom^ I#atn., 
both inhabiting, as I am infonned by M. d'Orbigny, brackish water 
at the mouth of the I'lata* nearly or quite as salt as the open »ca. 
The U)Odo sand, in which these sludls arc packt^l, is hea|>t'd into low\ 
straight, long lines of dunes, like those left by the S4*a at the head of 
many bays. M. (rt)ri)it:ny has de-4cril»edt an analogous ))henoi«eiion 
on a greater scale, luar San I\dro on the river Parana, where he 
found widely exten«le*l he<ls and hilloeks of saml, with vast numlws 
of the Azara at the height of nearly 100 feet (Knglish) 

above the surface of that river. The Azara inhabits brackish water, 
and is not known to he found nearer to San Pedro than Buenos 
Ayres, distant above 100 milcH in a straiglit line. Nearer Buenos 
Ayres, on the road from that place to San Isidro, there are extensive 
Ixxls, as I am informed by Sir Woodbine Pari^h,J of the Azara hliula^ 
lying at about forty b‘et above the level of iho river, and distant 
between tw’o and three miles from it. 'J’hese shells are always found 
on the higliest banks in tlie di>t|^et : llicy are i inbedrlt^^l in a stra- 
tified earthy mass, ])ieciMdy like that < f tiie great Painj^ean deposit 
hereafter to be descrilxd. In one collection of these shells, there 
were some valves of the Vr/tuH »intw8it^ l>am., the same .species found 
with the Mactra on the banks of t^ie Pniguay. South of Buenos 
Ayres, near Ensenada, there arc other beds of the Azara* some of 
which »4*eni to have been embedded in yellowish, calcareous, semi* 
cr}^8tallinc matter; and Sir W. Pari.sh has given me from the banks 
of the Arroyo del Tristan, situated in this same neighbourhood, at the 
distance of above a league from the Plata, a speimen of a pale- 
reddish, calcareo-argillaceous stone (precisely like parts of the Pam- 
pean deposit, the importance of which btet will be referred to in a 
succeeding chapter), abounding with shells of an Azara* much worn, 
but which in general form and apj>earanco closely resemble, and are 
probably identical with, the A, hhiata, Bi^sid<i» these shells, cellular, 
highly crystalline rock, formed of tlie casts of small bivalves is found 
near Ensenada; and likewise beds of sea-shells, which from their 
apiH-arancc appear to have Iain on the surface. Sir W. Parish baa 


♦ Voyflgo (Jnria V Amiriquo Part. Gf'Olog. p. 21. 
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given mo some of tlieso shells, and M. d’Orbigny pronounces them 
to be, 

1. Buocinanopft globulosum, d’Orbig. | 4. Cyther*& (imperfect). 

2. Olivancillaria auricularia, do. I 6. Mactra laabellei^ d’Orbig. 

3. Venus Sexuosa, Lam. | 6, Ostrea puelctiaoa, do. 

Besides these, Sir W. Parish procured* (as named by Mr. G. B. 
Sowerby) the following shcdls r — 

7. Voluta colocrntbis. | 9. Buccinuin (not aped). 

8. V. angulata. | 

All thes^ species (with, perhaps, the exception of the last) are 
recent, and live on the South American coast. These shell -beds 
extend from one league to six leagues from the Plata, and imist lie 
many feet above its level. I heard, also, of beds of shells on the 
Somborombon, and on the Rio Salado, at wliich latter place, as M. 
d’Orbigny informs me, the Mactra Isahellei and Venm sinuom are 
found. 

During the elevation of the Provinces of La Plata, the waters of 
the ancient estuary have but little affected (w^itb the exception of the 
sand-hills on the banks of the Parana and Uruguay) the outline of 
the land. ISl. Parchappe,t however, has described groups of sand- 
dunes scattered over the wide extent of the Panpas southward of 
Buenos Ayres, which M. d^Orbigny attributes with nujch probability 
to tbo action of the sea, before the plains were raised above its level .J 

SotUhtcard of the Plata: — tlie coast as far as Bahia Blanca (in 
lat. 39° S.) is formed either of a horizontal range of cliffs, or of 
inimonwi accumulations of sand-dunes. Within Bahia Blanca, a 
small piece of table-land, about twenty feet above high-water mark, 
called Punta Alta, is fonned of strata of cemented gravel and of red 
earthy mud, abounding wdth shells (w ith others lying l(5ose on the 

♦ Buenos Ayres, dtc,, by Sir \V. Parish, p. 168. 

t D’Orbigny’s Voyage, G^olog. p, |4. 

Before proceeding to the districts southward of La Plata, it may be worth 
while just to state, that there is some evidence, that the coast of Brazil has 
participated in a small amount of elevation. Mr. Burchell informs me. that he 
collected at Santos (lat. 24'’ S.) oyster-shells, apparently recent, some miles from 
the shore, and quite above the tidal action. Westward of Rio de Janeiro, Capt. 
Klliot U asserted (see Harlan, Med. and Pbys. Res., p. 35, and Dr. Meigs, 
in Trans. Amer. Phil. Soc.) to have found human bones, encrusted with sea- 
shells, between fifteen and twenty feet above the level of the sea. Between 
Ilio de Janeiro and Cape Frio, I crossed sandy tracts abounding with sea-sbells, 
at the distance of a league from the coast ; but whether these tracts have been 
formed by upheaval, or tlirough the mere accumulation of drift sand, I ora not 
prepared to assert. At Bahia (let. 13° S.), in some parts near the coast, there 
are traces of sea. action at the bei&:ht of about twenty feet above its present level ; 
there are also, in many parts, remnants of beds of sandstone and conglomerate 
with numerous recent shells, raised a little above the sea-levcl. 1 may add, that 
at the bead of Bahia bay there is a formation, about forty feet in thickness, contain- 
ing tertiary shells apparently of fresh-water origin, now washed by the sea and 
encrusted with Balini : this appears to indicate a small amount of subsidence 
subsequent to its deposition. At Pernambuco (lat. 8° S.), in the alluvial or 
tertiary clifiTs, surrounding the low land on which the city stands, 1 looked in 
vain for organic remains, or other evidence of changes in level, 
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surface), and the bones of extinct mamniifen. These shdl% twenty 
in numl^r, together with a Iklanus and two corals, are all recent 
species, still inhabiting the neighbouring seas. They will be enume- 
rated in the Fourth Chapter, when describing the Pampean formatioii ; 
five of them are identical with tiie uprais^ ones from near Buenos 
Ayres. The northern shore of Bahia Blanca is, in main part, formed of 
immense sand-dunes, resting on gravel with recent shells, and ranging 
in linos parallel to the shore. These ranges are separated from each 
other by flat spaces, composed of stiff impure red clay, in which, at 
the distance of about two miles from the coast, 1 found by digging, a 
few minute fragments of sea-shells. The sand-dunes extend sove^ 
miles inland, and stand on a plain, which slo|>e8 up to a height of 
l>etween one and two IiuiuIixhI feet. Numerous, small, well rtmnded 
pebbles of pumice lie scattered both on the plain and sand-hillocka : 
at Monte Ilermoso, on the flat summit of a cHfl*, I found many 
of them at a height of 120 feet (angular measurement) above the 
level of the sea. Tliese pumice pebbles, no doubt, were originally 
brought down from the Cordillera by the rivers which cross the 


continent, in tlic same way as the Kiver Negro ancientl)' brought 
down, and still brings down, pumice, and as the River Cliu[>at brings 
down scoria' : when once delivered at the moutli of a river, they would 
naturally have travelled along the coasts, and been cast up, during the 
elevation of tlie land, at different heights. Tlie origin of the argil- 
laceous flats, which separate the parallel ranges of sand-dunes, seems 
due to the tides here having a tendency (as I believe they have on 
most shoal, protected coasts) to throw up a bar parallel to the shore, 
and at some distance from it : tliis bar gradually Ix^coines larger, 
affording a base for the accumulation of sand-dunes, and the shallow 
space within, then becomes silted uj> with mml. The re|)etition of this 
process, without any elevation of the land, would form a level plain 
traversed hy parallel lines of sand-hillocks ; during a slow elevation 
of the land, the hillocks wouhl rest on a gentlv inclined surface, like 
that on the northern shore of Bahia Blanca. did not observe any 
shells m this iitighhourhood at a greater height than twenty feet: 
and tlicrcfore thn arje of tl.c sea-driftod p<‘bl>los of pumice, now 
standing at the 1, eight of 1 20 feet, innst remain uncertain. 

200 n C.'"f J estimated at from 

> to 300 feet , It insenHibly ri.scs towards tho distant ^Sierra Veiitana. 
here arc in tins neiglihourliood some ottier and lower plaint, but 

to*i)p de er l ^ manner hereafter 

I’atagonia. The plain on which 
tl e m hy many low sand-dunet, abounding 

S he jA » wide plain 

On the of T. ^ f ‘ “‘'•"“ted at sixty feet in height. 

extending geveral miles^in^an’ ^ o* “ sand-dune. 

^ ° m ail east and west 1 no 

oil .ward of Jtahia Blanca, the Bircr Colorado Dow. between 
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two plains appaPently from thirty to forty feet in height. Of these 
plains, the southern one slopes up to the foot of the great sandstone 
plateau of tho Rio Ne^o ; and the northern one against an escarp- 
ment of the Bampean deposit ; so tliat the Colorado nows in a valley 
fifty miles in width, between the upper escarpments. I state this, 
because on the low plain at the foot of the northern escarpment, 
1 crossed an immense accumulation of high sand-dunes, estimated by 
tho Qauchos at no less than eight miles in breadth. These dunes 
range westward from the coast, which is twenty miles distant, to far 
inland, in Ihies parallel to the valley ; they are separated from each 
other by argillaceous flats, precisely like those on the northern shore 
of Bahia Blanca. At present there is no source whence this immense 
accumulation of sand could proceed ; but if, as I believe, the upper 
escarpments once formed the shores of an estuary, in that case the 
sandstone formation of the River Negro would have afforded an 
inexhaustible supply of sand, which would naturally have accumu- 
lated on the northern shore, as on every part of the coast open to the 
south winds between Bahia Blanca and Buenos Ayres. 

At San Bias (40^ 40' S.), a little south of the mouth of the 
Colorado, M. d’Orbigny* found fourteen species of existing shells 
(six of them identical with those from Bahia Blanca) embedded in 
their natural positions. From the zone of depth which these shells 
are known to inliabit, they must have been uplifted thirty- tw’o feet, 
lie also found, at from fifteen to twenty feet above this bed, the 
remains of an ancient beach. 

Ten miles southward, but 1 20 miles to the west, at Port S. Anto- 
nio, the Officers employed on the survey assured me, that they saw 
many old sea-shells strewed on the surface of the ground, similar to 
those found on other parts of the coast of Patagonia. At San Josef, 
ninety miles south in nearly the same longitude, I found above the 
gravel, which caps an old tertiary formation, an irregular bed and 
hillocks of sand, several feet in ^thickness, abounding with shells of 
Patella deaurit^ Mytilm Mayellanicus^ yet retaining much of its 
colour; Pusus Mayellanicm^ (and a variety of the same) and a large 
Balaiius (probably B. 7 w/i/>rt), all now found on this coast : I esti- 
mated this bed at from eighty to one hundred feet above the level of 
the sea. To the westward of this bay, there is a plain estimated at 
between 200 and iiOO^feet in height: this plain seems, from many 
measurements, to be a continuation of the sandstone platform of the 
River Negro. The next place southward, where I landed, was at Port 
Desire, 340 miles distant ; but from the intermediate districts I 
received, through the kindness of the officers of the survey, especially 
from Lieut. Stokes and Mr. King, many specimens and sketches, quite 
sufficient to sliow the general uniformity of the whole line of coast. 
I may here state, that the whole of Patagonia consists of a tertiary for- 
mation, resting on and sometimes surrounding hills of porphyry and 
quartz : the surface is w^om into many wide valleys and into level 
step-formed plains, rising one above another, ail capped by irregular 
* Voyiig®, 6tc. p. 54. 
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beds of gravel, chiefly composed of porj>liyr!tlo roiks» Tlus gravel 
formation vr'ill be separately described at the end of the chapter. 

My object in giving the following measurements of the plainSi as 
taken by the officers of the survey, is, as w'ill hereaftfr be teen, to 
show the remarkable crjuahility of the recent elevatonr movements. 
Round the southeni parts of Nuevo Gulf, as far as the liiver Chupat, 
(seventy miles southward of San Josef) there appear to bo several 
plains, of which the host defined are here ropres<*nted. 

No. 1.*— SECTION OF STEP-FORMED PLAINS SOCTH OF NO<VO Ot*LF. 


860 ft. An. M. SOO-1KR) An. M. SO KM. 



Lcwl of .ca. Hcalc of Inch to UK) f»j«l vvrticiU. 


— An. M. alwttjs stands for angular or tri^onomntricnl mnasarfmeoL 
Ba. M. ,, hurometrtcid uu'a<)uremt»nt. 

Bst. ,, esiimation by the Ofiicora of tbo surrey. 

The Upper plain is here well defimd (called Table Hills); its edge 
forms a cliff or line of escarpment many miles in length, projecting 
over a lower ])lain. The lowest plain corresponds with that at San 
Josef with the recent shells on its surface. Hetwt'cn this lowest and 
the uppennost plain, there is probably more than one step-formed 
terrace : several measurements show the existence of the interniediiita 
one of tlte licight given in tlie diagnim. 

Near the north headland of the great Hay of St, G<H>rge (IffO miles 
south of the Chupat). two well marked plains of 2:*0 and 33«) fix*t 
were measured : these are said to sww’p roun<l a great part of the 
Hi)}'. At its south headland, 120 miles distant from tl»e nortli head- 
land, the 2.’^0 fivt |)lain >\as again measured. In the middle of the 
Hay, a liighcr plain was found at^two neighbouring places (TilU 
lioads and V. .Mar(|ues) to be .080 feet in height. Alxjve this 
])lain, towards the interior, Mr. Stokes informs me that tllfero wore 
he\eral other step-formed jdains, the highest of wliich was CBtimatcd 
at 1200 f(‘et, and was seen ranging at apparently the same height for 
loO iuih‘3 northward. All these plains have Ihsui worn into grcAt 
^aIIt‘ys and much denndnl. The following miction is illustrativo of 
the general structure of the great Hay of St. George. At the Boutll 

Ao. 2 . SECTION Op PI,A1NS IN THE RAY fiP 3T. GEOROK. 

IvJuO fvet Est. Ni)t iiK asuwJ. • 
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hei^land of the JBay of 8t. George (near C. Three PoinU) the 250 
plain is very oxteneive. At Port Desire (forty miles southward) I 
made several measurements with the barometer of a plain, whicli ex- 
tends along the north side of the port and along the open coast, and 
which varies from 245 to 255 feet in height : this plain abuts against 
the foot of a higher plain of 330 feet, which extends also, far north- 
ward along the coast, and likewise into the interior. In the distance 
a higher inland platform was seen, of which I do not know the height. 
In three separate places, I observed, the cliff of the 245-255 feet 
plain, fringed by a terrace or narrow |dain estimated at about 100 feet 
in height. These plains are represented in the folJowing section 

No. 3. — SECTION OF PLAINS AT POET DE8IAS. 



I^rel of »ea. Scale ^ of inch to 100 feet vertical. 


In many places, even at the distance of three and four miles from 
the coast, I found on the gravel-capped surface of the 245-255 feet, 
and of the 330 feet plain, shells of Mytilm Magellanicxvi^ M, edulu^ 
Patella deauHta^ and another Patella, too much worn to be identified, 
but ajiparently similar to one found abundantly adhering to tlie 
leaves of the kelp. These species are the commonest now living 
on this coast. The shells all appeared very old : the blue of the 
mussels was much faded ; and only traces of colour could be perceived 
in the Patellas, of which the outer surfaces were scaling off. Tliey 
lay scattered on the smooth surface of the gravel, but abounded most 
in certain patches, especially at tlie heads of the smaller valleys : they 
generally contained sand in their insides ; and I presume that they 
havo been washed by alluvial action out of thin sandy layers, traces 
of which may sometimes be sedn covering the gravel. Tlie several 
plains have very level surfaces ; but all are scooped out by numerous, 
broad, winding, flat-bottomed valleys, in which, judging from the 
bushes, streams never flow. These remarks on the state of the shells, 
and on the nature of the plains, apply to the following c^s, so need 
not be repeated. 

Southward of Port Desire, the plains have been greatly denuded, 
with only email pieces of table-land marking their former extension. 
But opposite Bird Island, two considerable step-formed plains were 
measured, and found respectively to be 350 and 590 feet in height. 
Tills latter plain extends along the coast close to Port St. Julian (110 
m iles south of Port Desire) ; where we have the following section : — 

No. 4 .— SECTION OP PLAINS AT PORT 8 . JULIAN. 


onn ft An. M. 
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Tlie lowest plain w'as e8tiniat43d at ninety feet it is remarkable 
from the usual graveUbed being deeply w’om into hollo ws^ which are 
filial up with, as well as the general surface covered by, sandy and 
reddish earthy matter: in one of the hollows thus filled up, tho 
skeleton of the Macrauchonia Patachoiiica, os will hereafter oe de- 
scribed, was embedded. On the surface and in the upper parts of 
this earthy mass, there were numerous shells of Mytihu M<i(fmanicii$ 
and M. eduliSy Patella deauritay and fragments of other sj>ecies. This 
plain is tolerably level, but not extensive ; it forms a promontory 
seven or eight miles long, and three or four wide. Tlic up|>er plains 
in the above diagram, were ineitsured by the officers of tho survey ; they 
were all capped by thick beds of gravel, and were all more or less de- 
nuded : tlie J}50 plain consists merely of separate, truncaictl, gravel- 
capped hills, two (if which, hy measurement, were found to difficr only 
three feet. The 430 feet plain extends, apparently with hardly a break, 
to near the northern entrance (»f the IHo Sta. Cruz (fifty miles to the 
soutli); but it was there found to be only 330 feet in height. 

On the soutliern side of the month of tlie Sta, C'ruz w«^ have the 
following section, which 1 am able to give with more detail than in 
the foregoing cases. 


No. 5. — SKCTION OF PLAINS AT THE MOl'TIt OF THE HIO SANTA CRUZ. 

840 n. All. M. 710 An. M. ^ f .• ^ 


Lovi'l of U'H .-cuh* of inch to liKJ feel \<>rijcal. 

The ph-iin marked Tj/iS feet (aa ascertaiii. il l.v tlie b.aroineter and 
by angular ineiiMirenient) is a continuation of ibc above incntioricd 
.idO feet plain : it cxtiuuls in a X, \\ . iiirt*ction along the southern 
shores of the estuary. It is cappi-d by gravel, which in most p,art8 
IS covered by a thin bed of saiely earth, and is scooped out by many 
flat-bottomed valleys. It apjiears to the eye (pdio level, but'iii pro- 
ceeding in a S. S. \\ . course, towards an e..carpment distant about 
si.v miles, .and likewise ranging across the eountrv in a N. W line it 
was found to rise at first insensibly, and then f.Jr the last half inlle, 
strijiihly, cIo.se up to the base of the ( scarpineiit : at this i>oint it 

^ <'> "t in the six miles. 

On tins .3;,., U, .M.J feet plain, 1 found s.^veral sluHs of J/vSi/u, Ma- 

of .a Myt.lns, wind. .Mr. Sowerliv infornwmo is yet 
unnamed, though vvcll known as recent on^this coast; l\,telU demt- 
n>u; 1 believe, M^ellamcx, but tl... specimen has l)Con 

d f T height 

Vob - o V ? T -'f iIh- ^ame I'aUdIa and of a 

sa dv e ru cn.lKidded in the sui«rficml 

n nl^ f f : r ai'pearaiiL with 

those from the foregoing localities. As the tides along this part of 
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the coaet rise at the Syzygal period forty feet, and therefore form a 
well-marked beach-line, I particularly looked out for ridges in cross- 
ing this plain, which, as we have seen, rises 108 feet in about 
six miles, but I could not see any traces of such. The next highest 
plain is 710 feet above the sea ; it is very narrow, but level, and is 
capped with gravel ; it abuts to the foot of the 840 feet plain. Tliis 
summit-plain extends as far as the eye can range, both inland along 
the southern side of the valley of the S. Cruz, and southward along 
the Atlantic. 

The valley of the J?. Santa Cruz . — This valley runs in an east 
and west direction to the Cordillera, a distance of about 160 miles. 
It cuts tlirough the great Patagonian tertiary formation, including, in 
the upper half of the valley, immense streams of basaltic lava, which 
as vrcll as the softer beds, are capped by gravel ; and this gravel, high 
up the river, is associated with a vast boulder formation.* In as- 
cending the valley, the plain which at the mouth on the southern 
side is 355 feet high, is seen to trend tow’ards the corresponding plain 
on the northern side, so that their escarpments appear like the shores 
of a former estuary, larger than the existing one : the escarpments, 
also, of the 840 feet summit-plain (with a corresponding northern 
one, which is met with some way up the valley), appear like the 
shores of a still larger estuary. Further up the valley, the sides are 
bounded throughout its entire length by level, gravel-capped terraces, 
rising cabove each other in steps. Tho width between the upper 
escarpments is on an average between seven and ten miles ; in one 
spot, however, where cutting through tlie basaltic lava, it w^as only one 
mile and a half. Between the escarpments of tlie second highest 
terrace, the average width is about four or five miles. The bottom 
of the valley, at the distance of 110 miles from its mouth, begins 
sensibly to expand, and soon forms a considerable plain, 440 feet 
above the level of tlio sea, through which the river flows in a gut 
from twenty to forty feet in dbpth. I here found, at a point 140 
miles from the Atlantic, and seventy miles from the nearest creek of 
the Pacific, at the height of 410 feet, a very old and worn shell of 
Patella deaurita. Lower do>vn the valley, 105 miles from the At- 
lantic (Long. 71^ W.), and at an elevation of about 3^)0 feet, I also 
found, in tlie bed of the river, two much w^om and broken shells of 
the Valuta ancilla^ still retaining traces of their colours ; and one of 
the Patella deaurita. It appeared that these shells had been washed 
from the banks into the river : considering the distance from the sea, 
the desert and absolutely unfrequented cliaracter of the country, and 
the very ancient appearance of the shells (exactly like those found 
on the plains nearer the coast), there is, I think, no cause to suspect 
that tliey could have been brought here by Indians. 

The plain at the head of the valley is tolerably level, but water- 

* I have described this formatjipn in a paper in the Geological Transactions, 
vol. Ti. p. 415, 
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worn, and with many sand-dunes on it like those on a sea-coast. At 
the highest point to which wo ascended, it was sixtwn miles wide in 
a north and south line; And forty-five miles in length in an east and west 
line. It is bordered by the escarpments, one above the other, of two 
plains, which diverge as they approach the Cordillor^ and consequently 
resemble, at two levels, the shores of great bays facing the mountains ; 
and these mountains are breached in front of the lovror plain by a 
remarkable gap, Tho valley, therefore, of the Santa Cruz consists of 
a straight broad cut, about ninety miles in length, bordered bv 
gravel -capped tenrtices and plains, the escarpments of whidi at both 
ends diverge or expand, one over tho other, after tho manner of the 
shores of great bays. Bearing in mind this peculiar form of the 
land, — the sand-dunes on tho plain at tho head of tho valley — the 
gap in tho Cordillera in front of it — the presence in two places of 
very ancient shells of existing species — and lastly, tho circumstance 
of tho 355 to 453 feet plain, with the numerous marine remains on 
its surface, sweeping from tho Atlantic coast, far up the valley, I think 
we must admit, that within the recent period, the coursfe of the Santa 
Cruz formed a sea-strait intersecting the continent. At this |Ktriod, 
the southern part of South America consisted of an arcliipelago of 
islands 360 miles in a N, and S. line. We sliall presently see, that 
two other Straits also, since closed, then cut li>rough Tierra del Fuego ; 
I may add tliat one of them must at tliat time have expandcvl at tho 
foot of the Cordillera into a great bay (now Otway Water) like that 
which formerly covered tlic 440 feet plain at the head (d the Santa Cruz. 

I have said tliat tho valley in its whole course is bordered by 
gravel-capped plains. Ihe following section, suj>pose<l to he drawn 
in a N. and S. line across the valley, can scarcely bo ctuittidered as 
more tlian illustrative ; for during onr hnrrlM ascent it was im- 
possible to measure all the jilains at any one jdacc. At a jmint 


No. 6. NORTH AND SOUTH SKeTION ACRO^iS TH K TF,I{RArF.<< n^X N DlXG 
THE VALLEY OF THE R. s. ( RUZ, lUOH I I* nn roi RSK. 


The height of each terrace at>ove the l.>vol of ihe river w 

undor it. Vortical acale j, of inch to a 1(.() fe" (m , i? 

twenty feet above tlie river, has necea.sarily b,.,-i. ui.,..,! 'II 
tancea much contracted ; the distance from the edee of \ „ („ v 
average from seven lo ten miles. ^ .to A s. being on ftn 


nearly midway between the Cordillera and fl.o A.io t r j 

pain (A..,„h) n.2 r«,t .b.,, 
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this side were liore united into one great broken cliff: at a point 
sixteen miles iWer down the stream^ I found by measurement and 
estimation that B ( 91 ) was 86D above the river ; very near to where 
A («) was measured, C (n) was C39 above the same level : the 
terrace D (n) was nowhere measured: the lowest E (w) was in 
many places about twenty feet above the river. These plains or 
terraces were best developed, where tlie valley was widest ; the whole 
five, like gigantic steps, occurred together only at a few points. 
The lower terraces are less continuous than the higher ones, and 
appear t<r be entirely lost in the upper third of the valley. Terrace 
(j (^), however, was traced continuously for a great distance. The 
terrace B (n) at a point fifty-five miles from the mouth of the river, 
was four miles in width ; higher up the valley this terrace (or at 
least the second highest one, for I could not always trace it con- 
tinuously) was about eight miles wide. This second plain was 
generally wider than the lower ones, — as indeed follows from the 
valley from A {n) to A («), being generally nearly double the 
width of from B (w) to B («). Low down the valley, the summit- 
plain A (ji) is continuous with the 840 feet plain on the coast, but it 
is soon lost or unites with the escarpment of B («), The corres- 
ponding plain A (w), on the north side of the valley, appears to range 
continuously from the Cordillera to the head of the present estuary 
of the S. Cniz, where it trends northward towards Port S. Julian. 
Near the Cordillera the summit*plain on both sides of the valley is 
between 3200 and 3300 feet in height; at 100 miles from the 
Atlantic, it is 141 G feet, and on the coast 840 feet, all above the sea- 
beach ; so that in a distance of 100 miles the plain rises 57G feet, and 
much more rapidly near to the Cordillera. The lower terraces B and C 
also appear to rise as they run up the valley ; thus D (/i), measured 
at two points twenty- four miles apart, was found toiiave risen 185 
foet. From several reasons I suspect, that this gradual inclination of 
the ]dain8 up the valley, has been chiefly caused by the elevation 
of the continent in mass, haVing been the greater the nearer to the 
Cordillera. 

All tlio terraces are capped with w^ell-rounded gravel, which 
rests cither on the denuded and sometimes furrowed surface of the 
soft tertiary deposits, or on the basaltic lava. The difterence in 
height between some of the lower steps or terraces; seems to be 
entirely owing to a difference in the thickness of the capping gravel. 
Furrows and inequalities in the gravel, where such occur, are filled 
up and smoothed over with sandy earth. The pebbles, especially on 
the higher plains, are often white-washed, and even cemented 
together by a white aluminous substance ; and I occasionally found 
this to bo the case with the gravel on the terrace D. I could not 
perceive any trace of a similar deposition on the pebbles now thrown 
up by the river, and therefore I do not think that terrace D was 
river- formed. As the tcri^e E generally stands about twenty feet 
above the bed of the river, first impression was to doubt whether 
even this lowest one could have been so formed ; but it should ?lway3 
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be borne in mind, ihat the barisontal nphesval of s diatrici^ by in- 
creasiiig the total descent of the atreann^, will always tend to increase, 
first near the aca-coast and then further and further up the valley, 
their corroding and deepening powers : so that an alluvial plain, formed 
almost on a level with a stream, will, after an elevation of this kind, 
in time bo cut through, and left aUnding at a height never again 
to bo reached by the water. With respect to the three upjMjr terraces 
of the S. Cruz, I think there can be no doubt, that tliey were modelled 
by the sea, when the valley was occupied by a Strait, in the same 
manner, (hereafter to bo discuase<l) as the greater, atep-formed, shell- 
strewed plains along the coast of Patagonia. 

To return to the shores of tlie Atlantic : the 840 feet plain, at the 
month of the Santa Cruz, is seen extending horizontally far to the 
south; and I am informed by the ollicers of the survey, that bending 
round the head of Coy Inlet, (sixty-five miles aouthward) it trends 
inland. Outliers of apparently the same height are seen forty niilai 
further south, inland of the river Gallegos ; and a plain comes down 
to Cape Gregory (thirty-five miles southward), in the Strait of Ma- 
gellan, which was estimated at hetwmi 800 and 1000 fwd in height, 
and which, rising towards the interior, is capiHx! by the boulder 
formation. Soutli of the Strait of Magellan, them are large outlying 
masses of apparently the same great tai)le-land, extending at intervals 
along the eastern coast of Tierra del Fuego : at twj) places here, 110 
miles apart, this plain was found to be 050 and 070 feet in height. 

From Coy Inlet, where the high summit-plain trends inland, a 
plain estimated at d50 feet in height, extends for forty miles to the 
river Gallegos. From tliis })oint to the Strait of Magellan, and on 
each side of that Strait, the country has been mucii (lenude<i and is 
loss level. It consists chiefly of the boulder formatif^n, w hich rises to 
a height of between 150 arid 250 feet, and is oftm eapjied by 
of gravel. At N. S. Gracia on the gorth side of the Inner Nar- 
rows of the Strait of Magellan, 1 found on the summit of a cliflT, 
IGO feet in height, shells of existing Patellae and Mvtili, scattered on 
the surface and partially cmlxjdded inearth. On the eastern coast, 
also, of Tierra del Fuego, in latitude 53*3 20' S., 1 found many 
Mytili on some level land, estimated at 200 feet in height. An- 
terior to the elevation attested by these shells, it is evident by the 
present form of the land, and by the distribution of the great erratic 
boulders* on the surface, that two sea-elianm ls connected the Strait 
of Magellan both with Sebastian Bay and w itli Otway Water. 

Concluding rrmarks on the recent flcmYion of the 90 Hlh-ea$tcni 
coasts of A7nerica, and on the action of the sea on the land. 
xatBcd shcllH of HpccicB, Blilloxisting as the commoncbt kinds in tlio 
adjoining sea occur, as we l.avc seen, at i.eighu of between a few feet 
and 410 feet, at intervals from latiti# 33' 40' to 53° 20' South. 

* CJeolo". Transaction',, vol. vi. p. 419 . 
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This is R distAPce of 1180 geographical miles^ — about equal from 
London to the North Cape of Sweaen. As the boulder formation^ 
extends with nearly the same height 150 miles south of 53^ 20^ 
the most southern point where I landed and found upraised shells ; 
and as the level Pampas ran||;e8 many hundred miles northward 
of the point, where M. d’Orbigny found at the height of 100 feet 
beds of the Azara, the space in a north and south fine, wliicli has 
been uplifted within the recent period, must have been much above 
the 1180 miles. By the term recent, I refer only to that period 
within which the now living mollusca were called into existence; 
for it will be seen in the Fourth Chapter, tliat both at B« Blanca and 
P, S« Julian, the mammiferous qu^rupeds which co-existed with 
these shells belong to extinct species. I have said that the upraised 
shells were found only at intervals on this line of coast, but this in 
all probability may be attributed to my not having landed at the 
intermediate points ; for wherever I did land, with the exception of 
the river Negro, shells were found : moreover, the shells are strewed 
on plains or terraces, which, as we shall immediately see, extend for 
great distances with a uniform height. 1 ascended the higher plains 
only in a few places, owing to the distance at which their escarp- 
ments generally range from the coast, so that I am far from knowing 
that 410 feet is the maximum of elevation of these upraised remains. 
The shells are those now most abundant in a living state in the 
adjoining sea.* All of them h|ye an ancient appearance ; but some, 
especially the mussels, although lying fully exposed to the weather, 
retain to a considerable extent their colours : this circumstance 
appears at first surprising, but it is now known that the colouring 
principle of the Mytilus is so enduring, that it is preserved when the 
shell itself is completely disintegrated.t Most of the shells are 
broken; I nowhere found two valves united; the fragments are not 
rounded, at least in none of the specimens wiiich I brought home. 

With respect to the breadth of the upraised area in an east and 
w^est line, we know from tli6 shells found at the inner Narrows of 
the Strait of Magellan, that the entire width of the plain, although 
there very narrow, has been elevated. It is probable that in this 
southernmost part of the continent, the movement has extended 
under the sea far eastward ; for at the Falkland Islands, though I 
could not find any shells, the bones of whales have been noticed by 
several competent observers, lying on the land at a considerable 
distance from the sea, and at the height of some hundred feet above 
it.:}: Moreover, we know that in T. del Fuego the boulder formation 
has been uplifted within the recent period, and a similar formation 

* Capt. Kingt Voyages of Adventure and Beagle, vol. i. p. 6 and 133. 

t See Mr. LyelPa “ Proofs of a Gradual Rising in Sweden/* in fhe Philoscmb. 
Transact. 1835, p. 1. See also Mr. Smith, of Jordan Hill, in the Kdin. New 
Phil. Journal, vol. xxv. p. 393. 

X Voyages of the Adventure and Beagle, vol. ii. p. 227. And BougaiQTiUe*f 
Voyage, tome i. p. 1 12. 
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occurs^ on the north-westom dioroa (Bj^ron Souod) theso blandi. 
The dtsianoe from this point to tho Cordillera of Tierra del Fuego^ 
is 360 miles, which wo may take as tho probable width of tlm 
recently upraised area. In tho latitude of tho R. 8. Cruz, wo know 
from tho shells found at tho mouth and head, and in tho middle 
of the valley, that tho entire width (about 160 miles) of tho surface! 
eastward of tlio Cordillera has been upraised. From tho slope of 
the plains, as shown by the course of the rivers, for several degrees 
northward of the S. Cruz, it is probable tliat tlio elevation attested 
by the shells on the coast has likewise extended to the fc^ordillera. 
When, however, we look as far northward as the provina^s of I.a 
Plata, this conclusion would bo very hazardous,* not only is the 
distance from JMaUlonado (where I found upraisc<l shells) to tho 
Cordillera great, naiuely, 760 miles, hut at the head of the estuary 
of the Plata, a N.X.E. and S.S. W. range of tertiary volcanic rocks 
has been oh.served,t whicli may well indicate an axis of elevation 
quite distinct from that of tho Andes. More(»vcr, in tho centre of 
tlie Pampas in tiio chain of ('ordova, senero earthquakes have h(‘on 
felt;J whereas at Memloza, at tho eastern foot td tho (A)rdillfTa, only 
gentle oscillations, transmitted from the shons of tl>o I'acific, have 
ever been experienced. Hence the elevation of the Pampas may ho 
due to several distinct axes of movomont ; and we cannot judge, 
from the upraised shells round tho e^tua^y of the Plata, of the 
breadth of the area uplifted withiu Uje recent period. 


Not only has tho above specified hmg range of eoa'^t l oon olovato<l 
within the recent period, Imt 1 think it may !>♦; safely inforrt‘<i from 
tho similarity in height of tiic gravel-capj>ed plains at distant jKiiuts, 
that there has been a remarkalde degree of e<juai)ility in the elevatory 
process. I may premise, that when I measured the plains, it >vas 
simply to ascertain the heights at which shells occurred ; afterwards 
comparing these measurements with s^^mie (»r those made during the 
survey, I was struck with their nnifuVinity, and accordingly tabu- 
lated all those which represented tho ^^uM^^^it-edges of plains. The 
extension of the 330 to dod fia*t plain is Vf‘rv^ sinking, hem^ found 
over a space of .700 geographical miles in a north and soiJtli line. 


♦ I owe this fart to the kindness of Caj>t. .Suhvan, K. a highly compMent 
observer. 1 menOou it rnor^* especiHlly, as in my i’ajH r i p. 427; .>n’thfc Boultlor 
Formation, 1 have, after havin'; examined (lu; northern and nuddle parti of Uio 
eastern island, said that the formation was her** wludlv afK.*nt. * 

t This volcanic fonnalion will bo doverihtMi ilj ClmptVr IV, It it not 
improbable that the height of the upraised hIm II.^ at the head of the cituary of 
the Plata, beint; greater than at Bahia Blanra or at S.in in.,y 5^ owing to 

the upheaval ot those latter places bavir.g cop'U'cOmI wiih the ditUot hue 
of tbeCordmen., whilst that of the provuic-s of |,a flat* was in coimectiou with 
toe adjoining tertiary volcanic axis. 

which drained a lake near Cordova, see also remple’s Travel, in Peru. Sir VV. 
Parish informs me, that a town between ^^alta anil “ 
was formerly utterly overthrown by an earthfpiake. 


Fucumau (north of Cordovu) 
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OIAP. 1*3 OH THB VHIFORM HEIGHT OF THE TERRACES. 

A table of the neasorementa is here pven. The angalar measure-; 
ments and all the estimations are by the 0£Scers of the survey ; the 
barometrical ones by myself* 

* Feet. 

Gallegoi River to Cor Inlet (partly angular meaa. and partly estim.) , . 350 


South Side of Santa Crus (ang. and barom. meaa.) 355 

North side of do. (ang. m.) 330 

Bird Island) plain opposite to (ang. ni.) 350 

Port Desire, plain extending far along coast (barom. m.) 330 

8t. George's Bay. north promontory (ang. m.) 330 

Table LamJ) south of New Bay (ang. m.) 350 


A plain, varying from 245 to 255 feet, seems to extend with much 
uniformity from Port Desire to the north of St. George’s Bay, a 
distance of 170 miles; and some approximate measurements, also 
given in the following table, indicate the much greater extension of 


780 miles. 

Feet. 

Coy Inlet, south of (partly ang. m. and partly estim.) 200 to 300 

Port Desire (barom. m.) 245 to 255 

(\ Blanco (ang. m.) 250 

North Promontory of St. George’s Bay (ang. m.) 250 

South of New Bay (ang. m.) 200 to 220 

North of S. Josef (estim.) 200 to 300 

Plain of Bio Negro (ang. ro.).. 200 to 220 

Bahia Blanca (estim.) 200 to 300 


The extension, moreover, of ths 5C0 to 580, and of the 80 to 100 
feet, plains is remarkable, though somewhat less obvious than in the 
former cases. Bearing in mind that I have not picked these measure- 
ments out of a series, but have used all those which represented the 
edges of plains, I think it scarcely possible that these coincidences in 
height should be accidental. We must therefore conclude that the 
action, whatever it may have been, by wliich these plains have been 
modelled into their present forms, has been singularly uniform. 

These plains or great terrac^, of which three and four often rise 
like steps one behind the other, are formed by the denudation of the 
old Patagonian tertiary beds, and by the deposition on their surfaces 
of a mass of well-rounded gravel, varying, near the coast, from ten 
to thirty-five feet in tliickness, but increasing in thickness towards 
the interior. The gravel is often capped by a thin irregular bed of 
sandy earth. The plains slope up, though seldom sensibly to the 
eye, from tlie suminit-edgo of one escarpment to the foot of the next 
highest one. Within a distance of 1 50 miles, between Santa Cruz 
to Port Desire, where the plains are particularly well developed, 
there are at least seven stages or steps, one above the other. On 
the three lower ones, namely, those of 100 feet, 250 feet, and 350 
feet in height, existing littoral shells are abundantly strewed, either 
on the suriacc, or partially embedded in the superficial sandy earth. 
By whatever action these three lower plains have been modelled, so 
undoubtedly liavo all the higher ones, up to a height of 950 feet at 
S. Julian, and of 1200 feet (by estimation) along St. George’s Bay. 
1 think it will not bo disputed, considering the presence of the 



NATt^RB OF TIIB FXBVATIOK. 


16 


[CUAF* I. 


upmised marine ahells^ that the sea has been the aetive power during 
sti^ea of some kind in Uio elovatory proceea. 

We will now briefly consider this subject : if we look at the exiat* 
ing ooast-Une, the evidence of the great denuding power of the »ea ta 
Tory distinct ; for, from Cape St. Diego, in lat. 54 ^ 3(K to the mouth 
of the Rio Negro, in laL 31® (a length of more than 800 niUei), tlio 
shore is forraeu, with singularly few exceptions, of Iwld and naked 
cliffs : in many places the cliffs are high ; thus, south of the San^ 
Cruz, they are between 800 and 900 feet in height, with their hori- 
zontal strata abruptly cut off, showing the immense moss •of matter 
which has been removed. Nearly this whole lino of ctxasi consists of 
a series of greater or lesser curves, the horns of which, and likewise 
certain straight projecting portions, are formed of hard rocks; hence 
the concave parts are evidently the effect and the measure of the de- 
nuding action oil the softer strata. At tho foot of all the cliffs, the 
sea slioals very gradually far outwards; and the bottom, for a space 
of some miles, everywhere consists of gravel. I carefully cxaiiiincd 
tlic bed of the sea off the Santa Cruz, and found that its inclination 
was exactly the same, both in amount and in its peculiar curvature, 
with that of the 3.00 feet plain at this same place. If, therefore, tho 
coast, with tho bed of the adjoining sea, were now suddenly delated 
100 or 200 feet, an inland line of cliffs, that is an escarpment, would 
be formed, with a g^ave^capJx^d plain at its foot gently sloping to the 
sea, and having an inclination like that of the existing 355 feet plain. 
From the denuding tendency of the sea, this newly formed plain would 
in time be eaten back into a cliff ; and n'petitions of this clcvaioiy 
and denuding process ivould produce a seri(*s of gravel-capped, sloping 
terraces, rising one above another, like those fronting tho diores of 
Patagonia. 

1 he chief difficulty (fui there are other inconsiderable ones) on this 
view, is the fact, — as far as I can trust two continuous lines of sound* 
ings carefully taken betwtxtn Santa Cruz and tin? Falkland Islands, 
and s<.*veral scatten?d ohs<Tvations on this and <>thcr coasts, — tliat tho 
pebbles at the bottcuii of the sea fjuickly and decrease in 

size with the increasing depth and distance from the lidiore, wdicreas 
in the gravel on the sloping jdains, no such decrease* in size was percop- 
tihle. Ihe following table gives tho average result of many souiiding9 
off the Santa Cruz : — 


Under two mi)es from t)ie shore, many of the pehblea were of l«nt« *ii« 
mingled wiHi some small ones. 


3 to 


4 miles from tho shore. 


Depth. 

11 to 1*2 fathoms. 


0 to 7 miles do, 

10 to 11 miles do. 


17 to 19 do. 
23 to 25 do. 


12 miles do, 
22 to 150 miles do. 


30 to 40 do. 
46 to 65 do. 


Sue of PebWai. 

At largo as walnuts; mingled 
in every case with soins 
smaller ones. 

As large as liaxel nuts. 

From three to four tenths of an 
inch in diameter. 

Two*ienths of an inch. 

fine •tenth of au inch, to the 
finest tend. 
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I particularly ^ttcndod to the size of the [x-bblcs on tlic H /.-i feet 
Santa Cniz plain, and I noticed that on the Huinmit-cd^^c of the 
present eea-clids many were os largo as half of a man's hea/1 ; and in 
crossing from these cliffs to the foot of the next highest escarpnn.rit, 
a distance of six miles, I could not observe any increase in their biiue. 
Wo shall presently see that the theory of a slow and almc^st ins(jn- 
sible rise of the IhikI, will explain all the facts connected with tlie 
gravel-capjHjd terraces, better than the theory of sudden elevations 
of from one to two hundred feet. 

M. d’Orhigny has argued, from the upraised shells at San Bias l^ing 
embedded in the positions in which they lived, and from the valves of 
the A zara lubiata high on the hanks of the Parana being united and 
unrolled, that the elevation of Northern Patagonia and of La Plata 
must have been sudden ; for he thinks, if it had been gradual, these 
shells would all have been rolled on successive beacli-Iines. But in 
protected bays, sucli as in that of Bahia Blanca, wherever tlie sea is 
accumulating extensive mud- hanks, or where the winds quietly heap 
up sand-dunes, beds of shells niiglit assuredly be preserved buried in 
the positions in wliich they had lived, even wliilst the land retained 
the same level; any, tlie smallest, amount of elevation would directly 
aid in their preservation, I saw a multitude of sjxds in Bahia Blanca, 
where this might have been effected ; and at Maldonado it almost 
certainly has been cflected. In speaking of the elevation of the land 
having been slow, I do not wish to exclude tlie small starts wdiich 
accompany earthquakes, as on the coast of Chile ; and by such move- 
ments beds of shells might easily be uplifted, even in positions cxpose<l 
to a heavy surf, w ithout undergoing any attrition : for instance, in 
IS.’L'i, a rocky flat off the island of Santa Maria was at one blow uji- 
lieavcd above high- water mark, and was left covered with gajiing and 
putrefying mussol-shells, still attached to the bed on which tliey had 
lived. If M. d’Orbigny liad been aware of the many long parallel 
lines of sand-hillocks^ witli infinitely numerous shells of the Mactra 
and Venus, at a low' level near die Uruguay ; if he had seen at Bahia 
Blanca the immense sand-dunes, with water-worn pebbles of pumice, 
ranging, in parallel lines, one behind the other up a height of at least 
120 feet; if he had seen the sand-dunes, with the countless Paludc- 
strinas, on the low plain near the Fort at this place, and that long 
line on the edge of the cliff, sixty feet higher up ; if he liad crossc‘d 
iliat long and great belt of parallel sand-dunes, eight miles in w idth, 
standing at the height of from forty to fifty feet above tlie Colorado, 
whore sand could not now collect, — I cannot believe be would have 
thought that the elevation of this great district had berni ^gyeii. 
Certainly the sand-dunes f especially when abounding witli 
wliich stand in ranges at so many different levels, must all have 
required long time for tliclr accumulation ; and hence I do not doubt 
that the last 100 feet of elevation of La Plata and Northern Patagonia 
lias been exceedingly slow. 

If we extend this conclusion to Central and Southern Patagonia, 
tlie inclination of the successively rising gravel-capped plains can* bo 
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explained quite as woll^ as by the more obvious viosv already given 
of a few comparatively great and sudden elevations ; in either case we 
must admit long periods of rest, during which tUo sea ate deeply into 
the laud* Let us suppo!^e the present coast .to rise at a nearly 
equable, slow rate, yet sufficiently quick to prevent the weaves quite 
removing each (Murt as soon as brought up ; m this case every portion 
of the present bed of the sea will successively form a b^ch-Hne, 
and from being exposed to a like action will bo similarly affected. 
It cannot matter to what height the tides rise, even if to forty ff?et as 
at Santa Cruz, for they will act with e<]ual force and in like manner, 
on each successive line. Hence there is no difficulty in the fact of the 
355 feet plain at Santa CViiz, sloping up 108 feet to the foot of 
the next highest escarpment, and yet having no marks of any one 
particular boach-lino on it ; for the wliole surface on this view has 
bei'n a beach. I cannot pretend to follow out the precise action of 
the tidal waves during a rise of the land, slow, yet sufficiently (juick 
to prevent or cluck demnlatioii ; hut if it be analogous to what takes 
])laco on proti'cted parts of tlie present coast, where gravel is now 
accumulating in large quantities, • an inclined surface, thickly capped 
by well-rounded pel)hlos of about the same size would be ultimately 
left. On the gravel now accumulating, the waves, aided by tho 
wind, sometimes throw up a iliin covering of sand, together w’itli tho 
common coast-shells. Shells thus cast uj) by gales, would, during an 
clevatory period, never again In? touoluKl by the sea. Hence, on tliis 
view of a slow and gradual rising of the land, interrupted by periods 
of rest and denudation, we can understand tlie pc'bbles l>cing of about 
tlie same size over the entire width of the step-like plains, — tlie occa- 
sional thin covering of sandy earth, — and the j)resence of broken, unrol- 
led fragments of those shells, which now live exclusively near tlie coa;st. 

Summaty of RanJts, — It may be concluded that the coast on this 
side the continent, bir a space of h ast 1,1 so niih's, has lK,s‘ri 
eli vated to a height of 100 fet t id La Data, and (»f tOO fec^t in 
.Southern Patagonia, within the pcrio<i of exi- ting shells, hut not of 
existing mammifers. d'liat in La Plata, the < le\ation has been very 
slowly ejected : that in Patagniiia the movement may have l>ccn by 
considerable start-, Imt much more probably slew and cjuiet. In 
either case, lliere have hecn long intervening piriods of comparativo 
rest,! during wiiicli the sca cornxhd deeply, as it is still corroding, 
into the land, d’hat the periods of denudation and elevation were 
CMnt(‘m])»)rancous and r <| liable over great spaces of coast, as shown by 
the^g^iaiile lu ight^ <>f the plains; that there have Wen .at least eight 
pei!^ (;f d( nudation, and that the land, up to a licight of from t»50 

* On tlie ciisO rn of Cliilo#*, which iHlnnd wft «hfil) in the next chapter 
1 *^ iiovs rj ,n ;, I ./hsf'Tvcd ihut all tho b€ach**fi and oxtonsivo tidal fiau were formed 

Ot shm-lr. 

t I ‘ roinparntire aiid nut. ahaolu/r rent, hocautsc iho f)0» acta, aa w© have 
SOW), With KMJHt oij tliia wholo line of coaai ; and therefore, 

onruu/ !ui <-lf*ratiori ot tl)^* laml, if excoK«i voly Jilowr, (and of course during a 
Ml I'litw- ot Iho lurid;, rt is quito jiOAsitde that lin»‘8 of rlitf might be fermed. 
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to 1,200 feet, hka been Binuiarly inodelled and affected : that the area 
elevated, in the southernmost part of the continent, extended in breadth 
to the Cordillera, and probably sea- ward to the Falkland Islands; 
that northward, in La Plata, the breadth is unknown, there having 
been probably more than one axis of elevation ; and finally, that, 
anterior to the elevation attested by these upraised shells, the land 
w»as divided by a Strait wliere the river Santa Cruz now flows, and 
that further southward there were otlicr sea-straits, since closed. I 
may add, tliat at Santa Cruz, in lat. 50° S., the plains have been 
uplifted at^lefist 1,400 feet, since the period when gigantic boulders 
wore transported between sixty and seventy miles from their parent 
rock, on floating icebergs. 

Lastly, considering the great upward movements which this long 
line of coast has undergone, and the proximity of its southern half to 
the volcanic axis of the Cordillera, it is highly remarkable that in the 
many fine sections exposed in the Pampean, Patagonian tertiary, and 
Boulder formations, 1 nowhere observed the smallest fault or abrupt 
curvature in the strata. 

G ratal formation of Patagonia. 

I will liorc describe in more detail than has been as yet incidentally 
done, the nature, origin, and extent of the great shingle covering of 
Patagonia ; but I do not mean to affirm that all of this shingle, 
especially that on the higher plains, belongs to tlie recent period. A 
tliin bed of sandy earth, with small pebbles of various porphyries and 
of quartz, covering a low plain on tlie north side of the Rio Colorado, 
is the extreme northern limit of this fonnation. These little pebbles 
have probably been derived from the denudation of a more regular bed 
of gravel, capping the old tertiary sandstone plateau of the Ilio 
Negro. The gravel-bed near the Rio Negro is, on an average, about 
ten or twelve feet in thickness ; and the pebbles are larger than on the 
northern side of the Colonido,^ being from one to two inches in 
diameter, and composed chiefly of rather dark- tinted porphyries. 
Amongst them I here first noticed a variety often to be referred to, 
namely, a peculiar gallstone- yellow siliceous porphyry, frequently, but 
not invariably, containing grains of quartz. The pebbles are em- 
bedded in a white gritty calcareous matrix very like mortar, some- 
times merely coating with a whitewash the separate stones, and 
sometimes forming the greater part of the mass. In one place I saw 
in the gravel concretionary nodules (not rounded) of crystallizeil 
gypsum, some as large as a man's head. I traced this bed for forty- 
five miles inland, and was assured that it extended far int^. the 
interior. As the surface of the calcareo-argilhiccous plain of Pam- 
]H*an formation, on the northern side of the wide valley of the 
Colorado, stands at about the same height with the mortar-like 
cementtHl gravel capping the sandstone on the southern side, it is 
j)rol)able, considering the apparent equability of the subterranean 
movements along this side of America, that this gravel of the Rio 
Negro and the upper beds of the Pampean formation northward of the 
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Colofado, arc of nearly contenmorancoua origin, and that the cal- 
careous matter has In'cn dcrive<l from the same source. 

Southward of the Rio Negro, the clilTa along the great bay of 
S. Antonio are cappetl with gravel : at San Josef, I found that thu 
pebbles closcdy resembled those on the plain of the Rio Negro, but 
that they were not cemented by calcareous matter. B<*twocn San 
Josef and Port IWirr, I was assured by the officers of the survey that 
the whole face of the country is coattnl w’ith gravel. At Port Desire 
and over a space of twenty-five miles inland, on the three step-forme<l 
plains and in the valleys, I evorywhero passinl over gntvel which, 
whore thickest, was bc'twcen thirty and forty feet. Here, as in other 
parts of Patagonia, the gravel, or its sandy covering, was, ns we have 
seen, often strewed with recent marine sliells. The sandy covering some- 
times fills np furrows in the gravel, as docs the gravel in the under- 
lying tertiary formations. The pebbles are frequently w'ljitew'asbod 
and even cemented together hy a peculiar, white, friable, alnininou®, 
fusible, substance, which I belle vo is decornposKcl feldspar. At Port 
Desire, the gravel rested soinetinies on the basal formation of por- 
phyry, and sometimes on the upper or tlie lower denuded tertiary 
strata. It is remarkable that most of the porphyritic pebbles differ 
from those varieties of porphyry which occur hero abundantly in situ. 
The peculiar gallstone-yellow variety was common, hut l(‘ss numerous 
than at Port S. Julian, wlierc it formed nearly one-third (d the mass 
of gravel ; the remaining j>art tlu're consisting of pah* gray and grr'i‘nish 
porphyries with n»any crystals of feldspar. At Port* S. Julian, I 
ascended one of the llat-toppcd liills, the dcntided remnant of tlio 
highest plain, and found it, at the heiglit of .050 feer, ca}»pcd with 
tlie usual bed of gravel. 


Near the mouth of the Santa Cruz, the In d of gravel on llic 355 
feet plain, is from twenty to about thirty-five feet in thickness. The 
pebbles vary from minute ones to the size of a hen's egg, and even to 
that of half a man s head j they cons^^''t of paler varieties of porphyry 
than those found furtluT northward, and there are fewer of the gall- 
stonc-ycllow kind ; pebbles of compact black elav-slale were here first 
observed. The gravel, as we have seen, covers the strp-fonned plains 
at the mouth, head, and on the sides of the great valhw of the Santa 
Cruz. At a distance of 110 miles from the coast, the jJain ba.s risrm 
to the height of MIG feet above the sea; and the gravel, with the 
associated great boulder frmuation. lias attained a thiekness of 21 2 
feet. Tl.c plain, apparently wit), its usual gravel covering, slorics up 
to the foot of the Cordillera to the height of between :}20o and 33(iO 
feet. In asoenilirirr the v.alley, the j-ravel };r ulnallv becomes entirely 
altered m chatueter ; high up, we have pebbles of rrj^talline fchlspathic 
rocks, compact clay-slate, .,u.artzoso .schists and j,. ale-coloured porphy- 
ries ; thee rocks, judging both from the gigantic boulders in the 
r I?"' n'T’ ‘ ".bcdifcl Wnc.atli 700 feet in 

. rn! ' l i the ,, revailing kinds in this 

Klivvoatfl^ • ' I* ’ I'' 1'as.alt from tlio neigliboiiriiig 

• tKoams jf has.altic lava are al.M, numerous; there arc few or none of 
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the reddisii or of the galUtone-yellow pori)liyrie8 so common near the 
coast. Ilonco the {lobbies on the 350 feet plain at the mouth of the 
Santa Cruz, cannot have been derived (with tlic exception of those of 
compact clay-slate, ^which, however, may ec|ually well have come 
from the south) front the Cordillera in this latitude ; but probably, in 
chief part, from further north. 

Southward of the Santa Cruz, the gravel may be seen continuously 
capping the great 840 feet plain : at the Rio Gallegos, where this 
j>lain is succeeded by a lower one, there is, as I am infonned by Cap- 
tain Suliwin, an irregular covering of gravel from ten to twelve feet 
in thickness over the wliole country. The district on each side of the 
Strait of Magellan is covered up either with gravel or the boulder 
formation : it was interesting to observe the marked difference be- 
tween the perfectly rounded state of the pebbles in the great shingle 
formation of Patagonia, and the more or less angular fragments in the 
boulder formation. The pebbles and fragments near the Strait of 
Magellan, nearly all belong to rocks knowm to occur in Fuegia. I 
was therefore much surprised in dredging south of the Strait to find, 
in lat. 54^ 10' south, many pebbles of the gallstone-yellow siliceous 
porphyry ; I procured others from a great depth off Staten Island, 
and others wero brought rue from the western extremity of the Falk- 
land Islands.* The uistribution of the pebbles of this peculiar por- 
])byry, which I venture to affirm is not found in situ either in Fuegia, 
the Falkland Islands, or on the coast of Patagonia, is very remarkable, 
for they arc found over a space of 840 miles in a north and south line, 
and at the Falklands, 300 miles eastward of the coast of Patagonia, 
Their occurrence in Fuegia and the Falklands may, however, perhaps 
be due to tho same ice- agency by which the boulders have been there 
transported. 

We have seen that porphjTitic pebbk*s of a small size are first met 
w ith on tho northern side of the Rio Colorado, the bed becoming well 
developed near tho Rio Negro : from this latter point I have every 
reason to believe that the gravel extends uninterruptedly over the 
plains and valleys of Patagonia for at least G30 nautical miles south- 
ward to the Rio Gallegos. From tho slope of the plains, from the 
nature of the pebbles, from their extension at the Rio Negro far into 
the interior, and at tho Santa Cruz close up to the Cordillera, I think 
it highly probable that the whole breadth of Patagonia is thus 
covered. If so, the average width of the bed must be about 200 
miles. Near the coast the gravel is generally from ton to thirty feet 
in thickness ; and as in the valley of Santa Cruz it attains, at some 
distance from the Cordillera, a thickness of 214 feet, we may, I think, 

♦ At my roquost, IMr. Kont tollectod for me a bag of j)ebl)le9 from the beach 
of White Hock harbour, in the northern part of tho sound, between the two 
Falkland Islands. Out of tliese well-rounded pebbles, varying in size from a 
walnut to a hen’s egg, with some larger, thirty-eight evidently belonged to the 
rocks of these islands: twenty-six were similar to the pebbles of porphyry 
h'und on the Patagonian jdains, which locks do not exist in situ in the Falklands ; 
one pehhle helungcd to the \»oculiar \ellow :aUceou3 porphyrv : thirty were of 
doubtful origin. 
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safely assume its average thickness over the wliole ar<jffc of 630 by 200 
tniies^ at fifty feet ! 

The iranspi>rtal and origin of this vast bed of lobbies is an in- 
teresting problem. From the manner in which they cap the Htep- 
formed plains vvorn by the sea within the period of existing shells, 
their deposition, at least on the plains up to a height of 400 feet, 
must have lieeu a recent geological event. From tlu* form of the 
continent, we may feel sure that they have come from the westward, 
probably, in chief part from the Cordillera, but, perhaps, partly from 
unknown rocky ridges in the central dihtriets of Patagonia.# That tho 
pebbles have not been tran-purted by rivers, from the interior towards 
the coast, we may conchulo from tho fewness and Hinallness of the 
streams of Patagonia : moreover, in the com* of the one great ami 
rapid river of Santa Cruz, we liave goiMl evlih ikc that its frunsj'orting 
power is very trilling!. Tins river is from 200 to .'OH) yards in 
width, about sevente en feet dee}> in its middle, and runs willi a sin- 
gular degree of nniionnity five kiiots an hour, with .no lakes and 
scarcelv any still reaehes: ne\ertluless, to give' one instance of its 
small transporting po^vor, upon careful examination, ]a bides of com- 
pact basalt could not he found in the lied of the river at a greater 
distance than ten miles below the point wh(*re the stream rn>hes over 
the debris of the groat basaltic eliOs forming its short* : fragments of 
the cellitlav varieties have been washed down twice or thrice as far. 
That the pebbles in Central and Northern Patagonia have not been 
transported by ice-ageney, us seems to iiavt* been the case to a con- 
siderable extent farther south, and likewise in the northern iiemi- 
splierc, w'c may conclude, from the absence of all angular fragments 
in the gravel, and from the conijdete contrast in many other res])ects 
between the shingle and neighbouring boulder foim ition. 

Looking to the gravel on any one of the ‘^tep-formed plains, I 
cannot doubt, from the several reasons a>vigm d in this eha]iter, that 
it has been spread out and levelled by the long-eontiiimd action of 
thi) sea, probably during the dow \ise of the land. 'J’he s!nof)tli 
and ])erfectly rounde<l condition of the inmimerabh* pebbles alone 
would prove long-continued action. But Ikav the wlnde mass f)f 
sliinglo on the coast-plain-, ha- bet n tran-})orttd from the mountains 
of the interior, i.s anether and more <lil!ienlt <(iie‘'tiori. The following 
considerations, however, show that tin' na by its ordinary action has 
considerable power in distributing pebbles. A table has already l>eea 
given, sliow'iiig how very uniformly and gradually* the pebbles 

♦ I may raention, tl»at at the (li^iunro of i:,o from tl»e rataj^oiuan slior^ 

I carefully examined the minutf*- roumhd parml^.s ui tie- sand, and found tbem 
to be fu.sible like llio porphyries of tlu- ^-rcat ♦hinpdu bed. I could oven du- 
tin^uish particles of the gallstone-yollow porpli\rv. It was interestinj^ to notico 
bov\ grvidually tho particles of u),,(e «j.iart/, furreaHcd, as we approached the 
rarKlaiid Inlands, which .iro thu^ ror.UM.it. /l. the whole hue of aoundings 

between tbesf' islands and tin foa-,f of I’dlaj^'orna, dead or living organic remains 
were most rare. On fl.e relations beh\e.*n tbe depth of water and tho nature 
of the bottom, see Martin Winfe „n .'foundings in the ( hunnel, p. 4, h, 175; 
als(i Capt. Ileechey’s A'oyage to the IVific, chap, xviii. 
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decrease in size with the gradually seaward increasing depth and 
distance. A series of this kind irresistibly leads to the conclusion, 
that the sea has the power of sifting and distributing the loose matter 
on its bottom. According to Martin White, ♦ the bed of the British 
Channel is disturbcd*during gales at depths of sixty -three and sixty- 
seven fathoms, and at tluiiy fathoms, shingle and fragments of shells 
are often deposited, afterwards to be carried away again. Ground- 
swells, which are believed to be caused by distant gales, seem espe- 
cially to affect the bottom : at such times, according to Sir R. 
Schombiirgk, t the sea to a great distance round the West Indian 
Islands, at depths from five to fifteen fathoms, becomes discoloured, 
and even the anchors of vessels have been moved. There are, how- 
ever, some difficulties in understanding how the sea can transport 
pebbles lying at the bottom, for, from experiments instituted on the 
power of running water, it would appear that tlie currents of the sea 
have not sufficient velocity to move stones of even moderate size : 
moreover, I have repeatedly found in the most exposed situations that 
the pebbles wliicli lie at the bottom are encrusted with full-grown 
living corallines, furnished with the most delicate, yet unbroken 
spines : for instance, in ton fathoms water off the mouth of the Santa 
Cruz, many pebbles, under half an inch in diameter, were thus coated 
with Flustraccan zoophytes.^ Hence we must conclude that these 
pebbles arc not often violently di.^turbed : it should, however, be 
borne in mind that the growth of corallines is rapid. The view’, pro- 
pounded by Prof, Playfair, will, I believe, explain this apparent cliifi- 
culty, — namely, that from the undulations of the sea tending to lift 
up and down pebbles or other loose bodies at the bottom, such are 
liable, when thus quite or partially raised, to be moved even by a 
very small force, a little onwards. We can thus understand bow 
oceanic or tidal currents of no great strength, or that recoil move- 
ment of the bottom-water near the land, called by sailors the 
“ undertow*' (which I presume must extend out seaward as far as the 
breaking waves impel the surfaoc- water towards the beach), may gain 
the power during storms of sifting and distributing pebbles even of 


* Soundings in the Channel, pp. 4, 1()6. 1\I. Siau states (Edin. New Phil. 

Jour. vol. xxxi. p. 246), that he found the sediineat at a depth of 188 metres, 
arranged in ripples of different degrees of fineness. Thel-e are some excellent 
discussions on this and allied subjects, in Sir II. De La Becho’s Theoretical 
Researches. 

t Journal of Royal Geograph. Soc. vol. v. n. 25. It appears from Mr. Scott 
Russell’s investigations (see Mr. Murchison s Anniver. Address Geolog. Soc. 
1843, p. 40), that in waves of translation the motion of the particles of water is 
nearly as great at the bottom as at the top. 

J A pebble, one and a half inch square and half an inch thick, was given me, 
dredged up from twenty-seven fathoms depth off the western end of the Falkland 
Islands, where the sea is remarkably stormy, and subject to violent tides. This 
pebble was encrusted on all sides by a delicate living coralline. 1 have seen 
many pebbles from depths between forty and seventy fathoms thus encrusted ; 
one from the latter depth off Cape Horn. 
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fonsidemble hi/e, and yet witluRit so violently disiurping tlu‘m as to 
injure the encrusting corallines/ 

The sea acts in another and distinct manner in the dlstrihutlon of 
pebbles, namely by tbe waves on the bi'ach. Mr. Palmer/ in his 
excellent memoir on this subject, lias shown llmt vast masses of 
sliinglo travel with surprising quickness along lines of coast, accord- 
ing to the direction with which the waves break on the beach, and that 
this is determined by the prevailing direction of the winds. This 
agency must be powerful in mingling togellur and dissiininating 
]>ebble 3 derivcxl fn)m tliilVrent s«>urci‘s : we may, perhaps, Urns under- 
stand the wide distrihuti-'U of the gallstone-yellow porpliyry; and 
Hkewiso, perhaps, tlie great ditVerence in th<‘ nature of the ju hbles at 
tlio mouth of the Santa ( ruz from those in the same latitude at the 
luml of the valley. 

1 will not pretend to assign to tlu'^e several an<l complicated 
agencies their shares in the distribution of tlii‘ Patagonian shingle ; 
but from the sove»‘al considerations given in this ehaptor, and 1 may 
ad<l, from the freipu^ncv of a capj)ing of gravtl on te rtiary d(‘pt>sits in 
all [>arts of the worhl, as I ha\e myself ob'.ervtMl and set n state<l in the 
w’orks of various authors, I cannot doubt ibat the j)o\vcik of widely 
tli<]>ersing gravel is an onlinary eontingent on the action of the sea ; 
and that even in tlie case of the great Patagonian shingle-bed we havt* 
no occasion to call in the aid of (bbacles. 1 at one time imagined 
that perhaps an immense accumulation of siiingle had originally l>ci‘n 
collected at the foot of the (/ordillora ; and that tliis acenniulation, 
wh(‘n uprai>((l above tiie level of tbe sea, bail bi en latim into and 
partially spread out (as otV the prestmt line of eoa-t); and tiiat the 
iievviy-'fpread out bed had in its turn been upraised, t‘aten into, and 
r»‘-spread out ; and so onwards, until the shingle, vvhleh was first 
accumulated in great thickness at the foot of the (jonlillera, had 
reached in thiniuT beds its [)res<‘nt extension. Py whatever means 
the gravel formation of Patagonia may have l>cen distributed, the 
\a-tne-s of its area, its thickness, superficial position, its recent 
oiigin, and the great degree of similarity in the nature of its pebbles, 

* 1 Tr.av tnVo fins o{)[>orUiruty <»f n nuirkinj: </n a Hinjfular but very common 
cliAructHr HI i}i(‘ t';nn ot ib«« botloiu, m creeks which deeply p♦•netrtit« iho 
u<'Ntcrn shorf's of lirrrathd ; namely, »ba! they arc* almont invariably much 

. liidlovvcr rinse to tho (jpm sm ;it their mouths, tl»an inland. 'rhu8, Cook, in 
• nt» riri^^ Chnstmas S<.und, first hrirl Houndin^cs in thirty-sieven falhoing, Cljen in 
flit) , then in sixty, and a little further m no bottom, with 170 fathomi. The 
.‘-ealers are so familiar witfj this fart, that they always look out for anchomgo near 
the entrances of the ereeks. See, also, on this subject, the ‘Voyage of tho 
Adventure and beagle,' vol. i. p. .'37.‘>, and Appendix, p. db'l. This alioaliiesa 
ef the s» a-rhannels near their entranees, probably resulta from tho quantity of 
edum ut fonned by the wear and tear of tho outer rocks exposed to tho full force 
ol tlie (,pen 8ea. I have n(» doubt that many lakes, for inatanco in Scotland, 
wliidj are very deep within, and are si'parated from the sea appiirenfly only by 
a trad <d detcitus, were onginallv Hea-ehaniich with hanks (A this nature near 
tlieii mouths^ which loive siiur* been Upheavetl. 
f riiilu.apliKal I'l aie,acUuns, lHdl,[*. o7f» 
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all appear to me well deserving the attention of geologists, in relation 
to the origin of the widely-spread beds of conglomerate belonging to 
past epochs. 

Formation of Cliffs > — When viewing the sea- worn cliffs of Pata- 
gonia, in some parts between 800 and 900 feet in height, and formed 
of horizontal tertiary strata, which must once have extended far sea- 
ward, — or again, wlieu viewing the lofty cliffs round many volcanic 
islands, in which the gentle inclination of the lava- streams indicates 
the former extension of the land, a difficulty often occurred to me, 
namely, how the strata could possibly have been removed by the 
action of the sea at a considerable deptli beneath its surface. The 
following section, which represents the general form of the land on the 
nortlicrn and leeward side of St. Helena (taken from Mr. Seal's largo 
model and various measurements), and of tlie bottom of tlie adjoining 
sea (taken chiefly from Captain Austin's survey and some old charts), 
will show the nature of this difficulty. 

No. 7. SECTION OP COAST CLIFFS AND BOTTOM OF SEA, OFF THE ISLAND 
OF ST. HELENA. 


lOOO foot 
uIk)\u s»ea. 



V'ortical and horizontal scale, two inches to a nautical mile. The point marked 
IfiOO feet is at the foot of High Knoll ; point marked 510 feet is on the edge of 
ladder Hill. The strata consist of basaltic streams. 


If, as seems probable, the basaltic streams were originally prolonged 
with nearly their present inclination, they must, as shown by the dotted 
line in the section, once have extended at least to a point, now covered by 
the sea to a deptli of nearly thirty fathoms : but I have every reason 
to believe they extended considerably furtlu r, for the inclination of the 
streams is less near the coast than further inland. It should also be 
observed, that other sections on the coast of this island would have 
given far more striking results, but I had not the exact measurements ; 
thus, on the windward side, the clifis are about 2000 feet in height 
and the cut-off lava streams very gently inclined, and tlie bottom of 
the sea has nearly a similar slope all round the island. How, then, 
has all the hard basaltic rock, which once extended beneath the sur- 
face of the sea, been worn away ? According to Captain Austin, the 
bottom is uneven and rocky only to that very small distance from the 
beach, within which the depth is from five to six fathoms; outside 
this line to a depth of about 100 fathoms, the bottom is smooth, 
gently inclined, and formed of mud and sand; outside the 100 
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fathoms, it plunges suddenly into uiifathomablo depths, as is so very 
commonly the case on all coasts where siM.liineat is accumulating. At 
greater depths than the hvo or six fathonfS, it seems impossiblo, under 
existing circumstances, that the sea can both have worn away hard 
rock, in parts to a thickness of at least 1 jO feet, tind have deposited a 
smooth bed of fine sediment. Now, if wo liad any reason to sup- 
pose that St. Helena had, during a long period, gone on slowly 
subsiding, every difficulty would oo removed: for, looking at the 
diagram, and imagining a fresh amount of suhsiilenee, we can see that 
the waves would then act on the coast-clltra with fresh and unimpaired 
vigour, whilst the rocky ledge near the beach would ho carried down 
to that depth, at which sand and niu<l wt)uld ho dej^osited on its bare 
and uneven surface : after the formation near the shore of a new n^cky 
shoal, fresh suhsidence would carry it down and allow it to ho 
smoothly covered up. But in the case of the many cl ill- bounded 
islands, for instance in some of the C'anary l^lands and of Madeira, 
round which the inclinati<ni of the strata ^huws that the land once ex- 
tended far into tlie depths of the sea, where there is no apparent 
means of hard rock being worn away, — are we to suppose that all these 
islands have slowly subsided ? Madeira, I may remark, has, accord- 
ing to Mr. Smith of Jordan-hill, suhsi<led. Ate we to extend this 
conclusion to the higii, clilf-bound, horizontally -stratified shores of 
Patagonia, off wdiich, though the water is not deep e\» n at the dis- 
tance of several miles, yet the smooth bottom of j)ehhle.s gradually 
decreasing in size with the increiL?ing deplli, and derivt‘d from a 
foreign source, seem to declare that the sea is now' a dej>o‘-iting and 
not a corroding agent? 1 am much inclined to ‘'Usjvcct, that wt; 
shall hereafter find in all such cases, that tlie land with the adjoin- 
ing bed of tlie 5s*a has in truth suhsideil : the time will, I believe, 
come, when gcoIogi-»ts will consider it as improbable, that the land 
should have retained the same level during a whole geological period, 
as tliat the atmosphere should have remained absoiuu.‘ly calm during 
ail entire season. 
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ON THE ELEVATION OE THE WESTERN COAST OF SOUTH 
AMERICA. 

Chonot Archipelago — Chiloe, recent ^nd gradual elevation of, iraditiont of the 
inhabitants on this subject — Concepcion, earthquake and etevaiion of—Yst- 
p^HAiso, great elevation (f, upraised shells, earth of marine origin, gradual 
rise of the land within the historical period — CnQri.vmo, elevation of in recent 
times, terraces of marine origin, their inclination, their escarpments not hori- 
zontal — Guasco, gravel terraces of—Coptapo — Ppri ' — Upraised shells of Co- 
bija, Iquique, and Aviva — Lima, shell-beds and sea-beach on San Lorenzo, 
Human remains, fossil carlhemrare, earthquake debacle, recent subsidence — On 
the decay qf upraised shells — General summary. 

CoMJiENCiNd at the south and proceeding northward, the first place 
at whicli I landed, was at Cape Trcs Montes, in lat. 4C° 35'. Here, 
on the shores of Christmas cove, I observed in several places a beach 
of pebbles with recent shells, about twenty feet above high-water 
mark. Southward of Trcs Iiiontes (between lat. 47° and 48°), By- 
ron* remarks, “ we thought it very strange, that upon tlie summits 
of the highest hills were found beds of shells, a foot or two thick.” 
In the Chonos Archipelago, the island of Lcmus (lat. 44° 30') was, 
according to M. Coste,! suddenly elevated eight feet, during the 
cartliquake of 1839, he adds “des roches jadis toujours couvertes 
par la mer, rcstant aujourd’hui constamnient decouvertes." In 
other parts of this archipelago, I ob.scrved two terraces of gravel, 
abutting to the foot of each other : at Lowe’s Harbour (43° 48'), 
under a great m!iss of the boulder formation, about 300 feet in thick- 
ness, I found a layer of sand, with numeroks comminuted fragments 
of sea-shells, having a fresh aspect, but too small to be identified. 

T/te Island of C/«7o«.— -The evidence of recent elevation is here 
more satisfactory. 'The bay of San Carlos is in most parts bounded 
by precipitous cliffs from about ten to forty feet in height, their 
bases being separated from the present line of tidal action by a 
talus, a few feet in height, covered with vegetation. In one shel- 
tered creek (west of P. Arena) instead of a loose talus, there was 
a bare sloping bank of tertiary mudstone, perforated, above the line 

♦ Narrative of the Lo*8 of the Wager, 
t Comples Rendus, October 1838, p. 706. 
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of the higliest ikies, by mimeroiia shells of a PhoUa now common 
in the harbour. The upj>cr ejctreiui til's of these* shells, standing 
upright in their holes with grass growing out of them, were abraded 
about a quarter of an inch, to the same level with the surrounding 
worn strata. In other parts^ 1 observed (ai at Pudeto) a great 
beach, formed of coinnunuteil shells, twenty feet above the present 
shore. In other parts, again, thert^ were small caves worn into tlio 
foot of the low' clitls, and protected from the waves hy the talus 
witli its vegetation : one such cave which 1 cxamiiHHl, hud iU mouth 
about twenty hvt, and iU bottom, which was filltHl witji sand con- 
taining fraginents of sliells and h gs of crabs, from eight to ton feet 
above liigli water-mark. From ilu'se sincral facts, and from tlie ap- 
pear.aiice of the upraist^l shells, I inferred that the elev.atitm had been 
quite recent; and on inquiring from Mr. Williams the Port-iiuii>ter, 
ho tobl me he was convinced tiut# the land liad ri?*en, or the sea 
fallen, four foot witliin the last four years. During this [ktuhI, 
there had boin one severe eartbquake, but no particular change of 
level was then observed ; fnuu the habits of the jK^nple who all keep 
boats in the protected crt'cks it is absolutely iinpo^'^ible that a rise 
nf four feet Could have taken place suddenly and Ixen un|K‘rceived. 
Mr. Williams Ixlieves tliat the change has been quite gradual. Without 
the elevatury movement continuc's at a quick rate, there can he no 
doubt, that the *^ea will soon destroy the talus of earth at the fiK)t of 
the clilYs round the bay, and will then reach its former luU*ral exten- 
sion, but not of course its former level : some of the inhabitants 
assuR'd mo, tluit one siicli talus, with a foc^tpalh on it, was even 
already sensibly decreasing in width. 

I received several accounts of bcsls of shells, existing at consider- 
able heights in tlie inland parts of Chiloe; and to one of these, near 
Catiman, I was guided by a countryman. Here, on the soutli side 
of the peninsula of Lacuy, there was uu immense Ixnl of the Venus 
and of an oyster, lying on the suinmit-odgo of a piece of 
table-land, 3'>0 feet (by the baromeU?r) above tlie level of the sea. 
Tile shells were closely packed together, cmlK?dded in and covered 
by, a very black, damp, peaty mould, two or throe feet in thickness, 
out of which a forest of great trees was growing, (’onsidering the 
nature and dampness of "jjiis p<;aty soil, it is surprising, that the fine 
ridges on the outside of the Venus, arc perfectly preserved, tliough all 
the .'shells have a blackened appearance, f did not doubt that the 
black soil, which, w lien dry, cakes hard, was entirely of terrestrial 
origin, but on examining it under the microscope, I found many very 
minute rounded fragments of shells, amongst which I could distin- 
gui.'^li bits of 8erpuia» and mus.scls. The Venus cosUllata, and the 
ostrea (O. edulis^ according to Captain Kifig) arc now the commonest 
febfll-i iu the adjoining hays. In a bed of Mhells, a few feet below 
the 3,>0 foot bed, I found a horn of the little Cervus humdu, which 
now inhabits Chiloe. 

1 he eastern or inland side of (diiloe, with its many adjacent islets, 
Consists of tertiary and boulder deposits, worn into irregular plains 
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capped by graveU Near Castro, and for ten miles southward, and 
on the islet of Lemuy, I found the surface of the ground to a height 
of between twenty and thirty feet above high-water mark, and in 
several places apparently up to fifty feet, tliickly coated by much 
comminuted shells, Aiefly of the Venus costellata and Mytilm Chi- 
lomsis ; the species now most abundant on this line of coast. As the 
inhabitants carry immense numbers of these shells inland, the conti- 
nuity of the bed at the same height was often the only means of 
recognising its natural oridn. Near Castro, on each side of the 
creek and Tivulet of the Gamboa, three distinct terraces are seen : 
the lowest was estimated at about 150 feet in height, and the highest 
at about 500 feet, with the country irregularly rising behind it; 
obscure traces, also, of these same terraces could be seen along other 
parts of the coast. There can be no doubt that their three escarp- 
ments record pauses in the elevation of the island. I may remark that 
several promontories have the w'ord Iliiapi, which signifies in the 
Indian tongue, island, appended to them, such as Huapilinao, Huapi- 
lacuy, Caucahuapi, &c. ; and these according to Indian traditions onco 
existed as islands. In the same manner the term Pulo in Sumatra is 
appended* to the names of promontories, traditionally said to have 
been islands ; in Sumatra, as in Chiloc, there are upraised recent 
shells. The Bay of Carelmapu on the mainland north of Chiloe, 
according to AgiicrroSjf was in 1643 a good harbour ; it is now quite 
useless, except for boats. 

Valdivia : I did not observe here any distinct proofs of recent ele- 
vation ; but in a bed of very soft sandstone, forming a fringe-like 
plain about sixty feet in height round the hills of mica-slate, there are 
shells of Mytilus, Crepidula, Solcn, Novaculina and Cythcreea, too 
imperfect to be specifically recognised. At Imperial, seventy miles 
north of Valdivia, AgiicrrosJ: states that there are largo beds of shells, 
at a considerable disUincc from the coast, which are bunit for lime. 
The island of Mocha, lying a ilttlo north of Imperial, was uplifted 
two fect,§ during the cartliquake of 1835. 

Coticepcion : — I cannot add anything to the excellent account by 
Captain Fitzroy|| of the elevation of the Ijjmd at this place, which 
accompanied the earthquake of 1835. I will only recall to the re- 

♦ Marsden’s Sumatra, p. 31. 

t Descripcion Hist, do la Provincia do Chilo^, p. 78. From tho account given 
by the old Spanish writers, it would appear that several other harbours, between 
this point and Concepcion, were formerly much deeper than they now are. 

I Uesciipc. Hist. p. 25. 

§ Voyages ot' Adventure and Beagle^ vol. ii. p. 415. 

II Voyages of Adventure and Beagle ^ vol. ii. p. 412 ei seq. 

In vol. V. (p. (iOl) of the Geological Transactions, I have given an account of the 
remarkable volcanic phenomena, which accompanied this earthquake. These 
phenomena appear to mo to prove, that the action, by which largo tracts of land 
are uplifted, and by which volcanic eruptions are produced, is in every respect 
identical. 
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collectioii of geologists, tliat t!ie southern end of .the island of St. 
Mary was uplifted eight feet, the central part nine, and the northern 
end ten feet ; and the whole island more than the surrounding dis- 
triots. Great beds of mussels, patellce, and chitons still adhering to 
the rocks w^ere upraised above high-water inark^ and some acres of a 
rocky flat, which was formerly always covered by the sea, was left 
standing dry, and exhaled an offensive smell, from tlie many attached 
and putrefying shells. It appears from the researches of Capt. 
FitzRoy that both tlie island of 8t. Mary and Concepcion (which 
was uplifted only four or five feet) in the course of soino*\veeks sub- 
sided, and lost part of tlieir first elevation. I will only adtl as a 
lesson of caution, that round the sandy sliores of the great Hay of 
ConcejKion, it was most difficult, owing to the obliterating efteets of 
the great accompanying wave, to recognise any di^'tinct evidence of 
this considerable upljcaval ; one spot must he excepteil, where there 
was a detaclicil rock which before the eartlKpiake had always been 
covered by the sea, but afterwards was left uncovered. 

On the island of Quiriquina (in the Hay of Concepcion), I found, at 
an estimated height of Ifio extensive layers of shells, mostly com- 
minuted, but some perfectly preserve<l and closely packed in black vege- 
table mould ; they consisted of Couchoh'pas, Fissurella, Mytilus, 
Trochus, and Balaniis. Some of tliese layers of shells rested on a 
thick bed of bright-red, dry, friable earth, capping the surface of the 
tertiary sandstone, and extending, as I observed whilst sailing along 
the coast, for loO miles southward : at Valparaiso, we shall presently 
see that a similar red earthy mass, though (juitc like txTrestrial 
mould, is really in chief part of recent marine origin. On the flanks 
of this island of Quiri(piina, at a less height than the 400 feet, there 
were spaces several feet sr]uarc, thickly strewed with fraginentsS of 
similar shells. During a suhs^Mpient visit of the //.vn/Ze to Concepcion, 
Mr. Kent, the asyisUut-siirgc'oii, w'as so kind as to make for me some 
nieasurcinents w ith the baronicUT : he found many marine remains 
along the sliores of the whole hay, at^i height of about twentjr feet; 
and from the hill of Sentinella behind Talcahuano, at tho height of 
1()0 feet, ho collccttsl numerous shells, packe<i togctlier close beneath 
the surface in black earth, consisting of two species of Mytilus, two of 
Crepidula, one of Conch^lcpas, of Fissurella, Venus, Mactra, Turbo, 
Monocoro^, and the Ba/anua pnttacus. These shells were bleached, 
and within some of the Balani other Balani were growing, showing 
that ihry lnu'^t liavc long lain dead in tiu' sea. Tlie above species I 
compared with living ones from the hay, and fiuiml them identical; 


hut having since lost the Mpf^ciinens, I cannot give their names: this 
of little im]>ortniiee, as Mr. Broderip lias (ixamined a siinilar collec- 
tion, uiiulc during (^apt. Becchey’s expedition, and ascertained that 
th(!y (:f)ndste<l (d ten n cent Hjx'cieR, ns.*<ociated with fragments of 
echini, cru])H, and flustne ; nornc (d these remains were estimated by 
1/icnt. Ih lclier, to lie at tlie height of nivirly a lOhfl above tho 
level of the sea.^ In some places round the bay, Mr. Kent observed 


* /oulo'j^y of lioorhf+v’a ^ p. 102. 
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that there were beds formed exclusively of the Mytilus Chilomgis : 
this species now* lives in parts never uncovered by the tides. At 
considerable heights, Mr. Kent found only a few shells ; but from the 
Biiinmit of one hill, 625 feet hi|;h, he brought me specimens of the 
Concholepas, Mytilu0 Chiloensu^ and a Turbo. These shells were 
softer and more brittle than those from the height of 164 feet; and 
these latter had obviously a much more ancient appearance than the 
same species from the height of only twenty feet. 

Coast nottli of Concepcion : — The first point examined was at the 
mouth of the Rapel (160 miles N. of Concepcion and sixty miles S. 
of Valparaiso), where I observed a few shells at the height of 100 
feet, and some barnacles adhering to the rocks three or four feet 
above the highest tides : M. Gay* found here recent shells at the 
distance of two leagues from the shore. Inland there are some 
wide, gravel-capped plains, intersected by many broad, flat-bottomed 
valleys (now carrying insignificant streamlets) with their sides cut 
into successive wall-like escarpments, rising one above another, 
and in many places, according to M. Gay, worn into caves. 
The one cave (C. del Obispo) which 1 examined, resembled those 
formed on many sea-coasts, with its bottom filled with shingle. 
These inland plains, instead of sloping towards the coast, are inclined 
in an opposite direction towards the Cordillera, like the successively 
rising terraces on the inland or eastern side of Chiloe : some points 
of granite, which project through the plains near the coast, no doubt 
once formed a chain of outlying islands, on the inland shores of which 
the plains wore accumulated. At Bucalemu, a few miles northward 
of the Ilapcl, I observed at the foot and on the summit-edge of a 
plain, ten miles from the coast, many recent shells, mostly commi- 
nuted, but some perfect. There were, also, many at the bottom of 
the great valley of the Maypu. At San Antonio, shells are said to be 
collected and burnt for lime. At the bottom of a gri&at ravine (Queb- 
rada Onda, on the road to Casa Blanca), at the distance of several 
miles from the coast, I noticed a considerable bed, composed exclu- 
sively of Mesoilesnia donaciforine^ Desh. lying on a bed of muddy 
sand ; this shell now lives associated together in great numbers, on 
tidal flats on the coast of Ciiile. 

VaJjyaraiso, 

During two successive years I carefully examined, part of the 
time in company with Mr. Alison, into all tho facts connected with 
th# recent elevation of this neighbourhood. In very many parts a 
beach of broken shells, about fourteen or fifteen feet above high-water 
mark, may be observed; and at this level the coast- rocks, where 
precipitous, are corroded in a band. At one spot, Mr. Alison, by 
removing some birds* dung, found at this samo level barnacles ad* 
liering to the rocks. For several miles soutliward of the bay, almost 


♦ Annalen des Scienc. Nat. Avril, 1833. 



32 


kletation of V\Ll»An%l»0. 


[cHAF, 1!. 


overy fiat litUo headland, between tlie licighU of (JO and 230 feet 
(measured by the barometer), is smoothly coated b*y a tiiick mass of 
comminuted shells, of the same s}>ccies, and apparently in the same 
proportional nuinl^rs with those existing in the a4ljoining sea. The 
Concholepas is much the most abundant, and Iwst preserved shell ; 
but I extracted perfectly preaerveil specimens of the FiMfureiia 
i^iradiaUiy a Trochus and Balanits (both well known, hut according to 
Mr. Sow'crby yet unnamed) and parts of the Mj/tilun (Vtiloemh. 
Most of these shells, as well as an encrusting nullipora, partially 
retain their colour ; but they are brittle, and often staiued red from 
the underlying brocciated mass of primary rocks ; some are packoii 
together, either in black or reddLsli mould ; some lie loose on the 
bare rocky surfaces. The totil numhiT of tlu^se shells is immense ; 
they are loss numerous, though still far from rare, up a height of 
1000 feet above the sea. On the summit of a hill, measured feet, 
there was a small horizontal hand of comminuted shtdls, of which 
rminy consisted (and likewise from lesser heights) of very young and 
small specimens of the still living (.H>nrh(jilcpa.s, Trochus, Patellic, 
Crepidul®, and of M<u/t‘l/(niicns (J ):* several of these shells 

were under a quarter of an inch in their greatest diameter. My atten- 
tion w’as called to this circumstance by a native fisherman, whom I 
took to look at these shell-beds ; and he ridiculed the notion of such 
small shells having been brought up for foot! ; nor could some of 
the species have adhered when alive to other larger shells. On 
another hill, some miles distant, and (»48 feet high, 1 found shells of 
the Concholepas and Trochus, ju‘rf<.K:t, tliough very old, with frag- 
ments of Chiloenns^ all embedded in reddish-brown mould ; 1 

also found these same species, with fragments of an Echinus and of 
Balnnug pttiltacus on a hill 1000 ftyet high. Above this lieight, 
shells became very rare, though on a lull IGoO feet high,t I collected 
the Concholepas, Trochus, Fissurella, and a Patella. At these 
greater heights tlfte shells arc almost invariably emhedded in mould, 
and sometimes are cxpos<xl only by tearing up bushes. Those shells 
fjbviously had a very much more ancient appearance than those from 
the lesser heights ; the ajnees of the Trochi wxrc often worn down ; 
the little holes made by burrowing animals were greatly enlarged ; 
and the Concholepas wasi often perforated quite through, owing to tho 
inner platoe of sliell having scaled off. 

Many of these shells, as I have said, were packed in, and were quite 
filled with, blackish or reddish-brown earth, resting on tho granitic 
detritus. I did not doubt' until lately that this mould was of purely 
tcm>trial origin, when with a microscope examining some of it f|^ni 
the in^iflo of a ( ’oncholcpas from the height of about 100 feet, I found 
tiiat it was in considerable [)art composed' of minute fragments of tho 


Mr. Cuming' informs mn thnt ho (I not think (his spocioi iJontiCttl with, 
( hwly roKornblin^^, tho trio* M. Magellanicui of th« southorn and eusteni 
co^Hi of Sovjth Aincric'd: it livos uhundantljr on the coital of Chile. 

t hy iht) harunuuor: tho highest point in (be range liehind 

paraiio, I found to bf 1026 f^ut above tlu* level of the lea. 
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spines, mouth-b<^nc8 and sliellB of Echini, and of minute fragments, 
of chiefly very young patellea, inytili, and other species. 1 found 
similar microscopical fragments in earth flUing up the central orifices 
of some large Fissurellee. This earth when crushed emits a sickly 
smell, precisely like^that from garden-mould mixed with guano. 
The eaii/h accidentally preserved within the shells, from the greater 
heights, has the same general appearance, hut it is a little redder ; it 
emits the same smell when rubbed, but 1 was unable to detect with 
certainty any marine remains in it. This earth resembles in general 
appearanoef as before remarked, tliat capping the rocks of Quiriquina 
in the Bay of Concepcion, on which beds of sea-shells lay. I have, 
also, shown that the black, peaty soil, in which the shells at the 
height of 350 feet at Chiloe were packed, contained many minute 
fnigments of marine animals. These facts appear to me interesting, 
as they sliow that soils, which would naturally be considered of 
purely terrestrial nature, may owe their origin in chief part to 
the sea. 

Being well aware from wdiat I have seen at Chiloe and in Tierra 
del Fuego, that vast quantities of shells are carried during successive 
ages, far inland, wdiere the inhabitants chiefly subsist on these pro- 
ductions, I am bound to state that at greater heights than 557 feet, 
where the number of very young and small shells proved that they 
had not been carried up for food, the only evidence of the shells 
having been naturally left by the sea, consists in their invariable and 
uniform appearance of extreme antiquity — in the distance of some of 
the places from the coast, in others bring inaccessible from the 
nearest part of the beach, and in the absence of fresh water for men 
to drink — in the shells nof lying in Jicaps^ — and, lastly, in the close 
similarity of the soil ui which they arc imbedded, to that which 
low’cr down can be unequivocally shown to be in great part formed 
from the debris of the sea animals.* 

With respect to the position in which the shells lie, I was re- 
peatedly struck here, at Concepcion, and at other places, with the 
frequency of their occurrence on the summits and edges either of 
separate hills, or of little flat headlands often terminating precipi- 
tously over the sea. The several above ei\pmerated species of mol- 
lusca, which are found strewed oa the surfat^e of the land from a few 
feet above the level of the sea up to the height of 1300 feet, all now 
live rnther on the beach, or at only a few fathoms' depth ; Mr. 

♦ In the Proceedings of the Geolog. Soc. vol, ii. p. 446, I have given a brief 
account of the upraised shells on the coast of Chile, and have there stated that the 
proofs of elevation are not satisfactory above the height of 230 feet. 1 had at that 
time unfortunately overlooked a ’separate page written during my second visit to 
V^alparaiso, describing the shells now in my posaession from the 567 feet hill j I 
had not then unpacked my collections, and had not reconsiderod the obvious ap- 
pearance of greater antiquity of the shells from the greater heights, nor had I 
at that time discovered the marine origin of the earth in which many of the shells 
are packed. Considering these facts, I do not now feel a shadow of doubt that 
the shells, at the height of 1300 feet, have been upraised by natural causes into 
their present position. 
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in a leiU*r to Pmf. E. Forbos^ tlyit in dmlgitig in 
the Bay of Valparaiso, he found tlu? cuininon species of Concholepas, 
Fissurella, TrtK'hus, Moni>coro8, Chitons, &c» living in abundance 
from the beach to a <lepth of S4>ven fathoms ; and dead shells occurred 
only a few futhoins dcejK'r. Tl»e coinnion cin^ulaUi was 

drtnlged up livinsr at even from ten to fifttHU fathoms; but this is a 
spt'cies which I did not find here amongst tlic npraist^d shells. Con- 
sidering this fact of the sjxTles being all littoral or subdittoral, c»>mider- 
ing their occurrence at various heights, their vast numlK'rs, and their 
generally eomminuted state, there can be little doubt that they were 
ItTt on suecesdve beach-lint^ during a gradual elevation of the land. 
The [>rt St nee, however, of many whole and jx^rfci'tly preserved shells 
appear-i at fir-t a diftieiilty ou this view, considering that the coast 
is e.\j>(»sed to the full force of an open ocean : hut we may supp«>8e, 
either th.it tlieso sin lls were thrown during gales on flat k‘<!ge» of 
rock just ah*>v<> the level of high water-mark, and that during the ele- 
vation <»f llir latid tiny were never again touched by the waves, or, 
tliat during earth<jinke'<, ''Uch as those of 1822, 1S3.'», and 1837, rtnrky 
net's c 'Yt rc<l with marine-animals were at one blow uplifted above 
tl)e future reach of tiie ^^ea. riiis latter explanation is, perhaps, the 
^lo^t probahlc < ne with respect to the ImsIs at Concoj»cion entirely 
com]»<)srd of Iht' ^ '//lYoeuMV, a i<pecie» which lives Wow the 

lowe-ttide^; and hkt ui^e with res to the great Insls^ occurring 
both ju rih and s 'utii of Valparaiso, of the Mfmksmu dvnad/frrme^— 
a siiell w’nieh, a- I am iurortiiisl by Mr, Cuming, inhabits sand- 
banks at the h vel of tfu* lowest tide#** But even in the case of shells 
having tho haoits of this Mytilus and Mesodesma, beds of them, 
wli n ver ti»(‘ soa gmtly throws up f»and or mud, ami thus protc^ctH 
it< own aecunudatioiis, might l)e upraijM'd by the slowest inove- 
nu nt, and yot remain undisturbed by the waves of each new 
Ixcaeh Ime. 


It is worthy of remark, that nowhere near ValparaiiK) alK)vc tlie 
height of twenty feet, or rarely of fifty feet, I saw any Hnos of err>«ion 
on the soli<l roek^ or any IkmIs of jiehhles ; this, I iK’lieve, may be 
account* tl for by tlie di.iintcgrating tendency of most of the rocks in 
tbi'i neighbourhood. N*/ is the land here modelled into terraces : 
Mr. Ah.son, iiowcver, inj[<»rms me, that on botli sides of one narrow 
ravine, at tie* of oOO fwt al)ove tho sea, he found a succession 

of rather imTHtinct »te|>-f()rmcd heachca, composed of broken shells, 
w hich together cifvered a space of about eighty feet vertical. 

I can add noticing to the accounts already puhlished of the eleva- 
tion of the laud at Valparaiso,* which accompanied the carthcpiako 
of 1822 ; hut I heard it confidently ass<!r*ed, tliat a sentinel on dutVt 
iimncfliatoly after the shock, saw a part of a fort, which previously 
was not witidn the line of his vision, and this w*ould indicate that the 
uplifting ^vaH not horizontal : it would oven appear from some facts 


T'"- •• ■" >83> M*-w«>d and Otb»f 

.bolt lh“ sea of 1833 war# lifted 
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collected by Mr. , Alison, that only the eastern half of the bay was 
then elevated. Through the kindness of this same gentleman, I am 
able to give an interesting account of the changes of level, which have 
supervened hero within historical periods: about the year 1080 a 
long sea-wall (or Pr^fil) was built, of which only a few fragments 
now remain; up to the year 1817, the sea often broke over it, and 
washed the houses on the opposite side of tlie road (where the prison 
now stands); and even in 1819, Mr. J. Martin remembers walking 
at the foot of this wall, and being often obliged to climb over it to 
escape the waves. There now stands (1834) on the sea- ward side of 
this wall, and between it and the beach, in one part a single row of 
houses, and in another part two rows with a street between them. 
This great extension of the beach in so short a time cannot be attri- 
buted simply to the accumulation of detritus; for a resident engineer 
measured for me the height between the lowest part of the wall 
visible, and the present beach-line at spring-tides, and the difference 
was eleven feet six inches. The church of S. Augustin is believed 
to have been built in 1C 14, and there is a tradition that the sea 
fonnerly flowed very near it : by levelling, its foundations were 
found to stand nineteen feet six inches above the highest beach- 
line ; so that we see in a period of 220 years, the elevation cannot 
have been as much as nineteen feet six inches. From the facts given 
w ith respect to the sea-wall, and from the testimony of tlie elder inhabi- 
tants, it appears certain that the change in level began to be mani- 
fest about the year 1817. The only sudden elevation of which 
there is any record occurred in 1822, and this seems to have been 
less than three feet. Since that year, 1 was assured by several com- 
petent observ ers, that part of an old wreck, which is firmly embedded 
near the beach, has sensibly emerged ; hence here, as at Chiloe, a 
alow rise of the land appears to be now in progress. It seems highly 
probable that the rocks which are corroded in a band at the height 
of fourteen feet above tlie sea were acted on during the period, 
when by tradition the base of Augustin church, now nineteen 
feet six inches above the highest water-mark, was occasionally 
washed by the waves. 

Valparaiso to Coqaimho . — For the first sev,mty-five miles north of 
Valparaiso I followed th coast-road, and throughout this space I 
observed innumerable masses of upraised shells. About Quintero 
there are immense accumulations (worked for lime) of the Mesodesma 
donaciforme^ packed in sandy earth, they abound chiefly about 
fifteen feet above high-water, but shells are here found, according to 
Mr. Miers,* to a height of 500 feet, and at a distance of three 
leagues from the coast : I here noticed barnacles adhering to the 
rooks three or four feet above the highest tides. In the neighbour- 
hood of Plazilla and Catapilco, at heights of between 200 and 300 feet, 

^ Travels in Chile, vol. i. pp. 458, 393. 1 received several similar accounts 

from (he inhabitants, and was assured that there are many sheila on the plain of 
Casa Blancs, between Valparaiso and Sutiago, at the height of 800 feet. • 

1 > 2 
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the number of eonuiiiiiuteJ wUJi >w»me jperfeci /kueiti especially of 

the Meeodesma, pnckcil in laver*!, waA iiufy imineoee : the laud at 
rioailla had evidently cxiHiml as a hay, with abrupt rocky niaasee 
rising out of it, pit^isely like the isleU in the broken bay* now in- 
denting tliis tH>ast. On both sides of the rive^ I^gotomo, 

Guacheu, and Quiliumri, lhen» are plains of gravd al^ut 200 feet 
in lit ight, ill inaiiv parts absolutely covered witli abcUi* Close to 
Conchaks‘, a griivel plain is fronietl hy a lower and minilar plain 
alK)ut sixty feet in liei^lit, and this u^aiii is m^pamted from the bciich 
by a wide tract of low land : the snrfaeuM of all three trains or ter- 
races were strewed with vast minihers of the Coochalepad, Meso- 
destua, an existing Venus, and other still existing Httoral shells. 
The two upper terraees cl^dy reSiMuble in tniiiiaturc the plains of 
Patagonia; and like them are furrowed by dry, Hat-bottomed, 
win>iino valhv-. Northward «vf this place 1 turned inland; and 
tlu’frh.re found no more shelis : but the valleys of Cliuapa, lllapd, and 
Liinari, are hound d l»y gTAvcbcAp|Hsl plains, often including a lower 
torraee wilinn. rhe>e plains send buy-like anns and into 

tire surr uiiuliiig hills ; and they are continuously unitCKl with otlier 
t'xteii^ive eravti-cupped plains, »eparatiiig the coast luoiuitain-rangcs 
from the CT>rdillera. 


( ^ptirn^'O, 


A narrow frlnge-like plain, gently imrlincd towards the sea, here 
extduls for eleven miles along the coast, with arms stretching up 
between the coast-mf>iuituins, and likewise np the xalley of (.’o- 
<[niinbo: at its .v)miiern < xtrernity it is <liroctly connected with the 
plain of Liniari, out 'd \Nhich hilU abruptly risK' like islets, and other 
hills project like headlands on a coast. The surface of the fringe-like 
plain aj)pears I* ’^( i, hut difTi‘rs tnMeiisibly in height, and greatly in 
composition, in diticreni parts. 

At the mouth of tlie valley of .(*ofjuiiiilM>, the surface consisia 
wholly of gravel, and stands from 3(Mi to 3o0 feet above tbe level of 
the s(’a, being about 100 feet higher than in other partis. In iheiie other 
and lower parts, the superficial beds consist of calcareous matter, and 
rest on aneient tertiary depfF«its hereafter to Ire described^ Tho upper- 
most calcareous layer if cream-colourc<l, coinj)act, »mooth-fractured, 
suh-stalactiforin, and contains Home sand, earthy matter, and recent 
siiells. It ii(*s on, and ^'iids wedge-like veins into,* a much more 
Inahle, ealearcous, tuft-Iikc variety ; and both rest on a ma»e about 
tvNonty feet in thickness, formed of fragmenta of recent ahells, with a 
e\% whole ones, and with small ptdjblos firmly cemented together, 
ns alter rock is called by tbe inhabitants /oM, and ia uacd for build - 


tlm underlying more frinble varietiei, 
I liavt* tU.,,.rF 7 ^ Hi>nnd in AuMralia, which 

Thore coubi bJV.Mi'' Obaervationa on Volciinic UlamU, |i. H 4 . 

action of rain on tho fOuM ^ ^ Uyora thcro hare been hardened by the 

j^ma.od in the Zc^y oi ^ that the whole maii baa ori- 

ot muiuioly comnuriuted aea-thella and corale. 
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ing : in many par^ it is divided into strata, which dip at an angle of ten 
degrees seaward, and appear as if they had originally been heaped in 
successive layers (as may bo seen on coral-reefs) on a steej) beach. 
Tills stone is remarkable from being in parts entirely formed of empty, 
pellucid capsules or cerls of calcareous matter, of the size of small seeds : 
a series of specimens unequivocally showed that all these capsules once 
contained minute rounded fragments of shells which have since bee|| 
gradually dissolved by water percolating through the mass.* 

The shells embedded in the calcareous beds forming the surface ui 
this fringc-ltke plain, at the height of from 200 to 250 feet above the 
sea, consist of, 

1. Venus opaca. 6. Moncyceros costatum. 

2. Muliniu Byronensis. ! 7. Concholepas Peruviana. 

3. Pecten purpnratus. ; 8. Trochus (common Valparaisa spe- 

4. Mesodesmo donaciforme. j cies). 

5. Turritella cingulatu. j 9. Calyptraea Byronenais. 

Althongli these species are all recent, and are all found in the 
neighbouring sea, yet I was particularly struck with the difference in 
tlie proportional numbers of the several species, and of those now cast 
up on the yyresent beach. I found only one specimen of the Con- 
cholepas, and the Pecten was very rare, though both tliesc Jrhells are 
now tiic commonest kinds, with the exception, perhaps, of the 

(\df/ptr(va r(utuin«^ of which I did not find one in the calcareous 
beds, 1 will not pretend to determine how far this difference in the 
proportional numbers depends on the age of the deposit, and how far 
on the difference in nature between the present sandy beaches and 
the calcareous bottom, on which the embedded shells must have 
lived. 

On the bare surface of the calcareous plain, or in a thin covering 
of sand, there were lying at a height from 200 to 252 feet, many 
recent shells, which had a much fresher appearance than the em- 
bedded ones : fragments of tha Concholepas, and of the common 
Mytilus, still retaining a tinge of its colour, were numerous, and 
altogether there was manifestly a closer approach in proportional 
numbers to those now lying on the beach. In a mass of stratified, 
slightly agglutinated sand, which in some places covers up the lower 
half of the sea-ward escarpment of the plain-, the included shells ap- 
peared to be in exactly the same proportional numbers with those on 
the beach. On one side of a steep-sided ravine, cutting through the 
plain behind Ilerradura Bay, I observed a narrow strip of stratified 
sand, containing similar shells in similar proportional numbers : a 
section of the ravine is represented in the following diagram, which 
serves also to show the general composition of the plain. I mention 
this case of the ravine chiefly because without the evidence of the 
marine shells in the sand, any one would have supposed that it had 
been hollowed out by simple alluvial action. 

* 1 have incidflntally Hcscrihed this rock in a note, p, 145, of the above work 
on Volcanic Islands. • 
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A— StrAOrtt'tt ♦,^1^1. With fivtta 4?fflU sn Mm< |»r\>{*-Art.«^n^ ** is® <!*• bmth, h*H t»|' i 

r4» hir 

B - ?*urta*’*’ of ^t*»n with arli* tn *4100 |. rojoflt^m# «» on Ihr* 

( - I o^kartHiu* b« *hv;u. tnl not ib «i o») 

I »- - 1 >iwirr c 4 tcar»x.>«» h*'«I !.*)?*« . i lb»’ 

K - 1.414*1 r -’l l torttart «!/At<>w>, 


■ wO> 4’k f*r nrArt« *ii. vUincI 


I'iio t^carpiiKut ‘*f iho plain, vvlach ^*tr^’tcheH for eleven 

alniipr in in ^onle |^rtA froiiU^l l»y two or thnv 

narr ow, *-t^’p-foniU'^l terracejs of which at Herriuiurfi Bay expaiidi« 
int») a sinail jolain. Itn surface waj4 there fonnc<l **f gravel, cernentetl 
i ^othtT hy caloarrou*^ luaiter ; and onl of it I extraclcil the following 
r^ij nt ^‘helU, vvljich are in a iin.re pt rft.*et condition than those from 
th ■ up|>*_T jdain *. — 


1 . < * 1 ) ’,>ti r.» i» ifiH 
■*. I i.rrr.eUu * . 

j. Ik'T 4% i.'.:' j., 

4 . Mijr»‘x kihi !‘W', V \r. 

lU ,.l v\ Ml... h'. O.',: *, 

O. i 

7. Ikw It'll I'f.' r.eii 

H. \ vhus ( 4 . 


o. .\u4i lss»Jei»mii rTsjgTjfoiom. The small 
itriw^ular wnoklei* of ihe ^o*tcfior 
\'^rl u( ihi* theil 140? rathe'r aiioogt r 
!hu» Hi the re\:ent spcttmens of 
thu \j.rrteA from ( o^piimho. (0* 
I’, >i>wf»rbr.i' 

In. Halafiuf oUeiineal with Uring »{»€- 

f K*'* k 


On tilt svinltit nk ', vvhiih foriii;^ ihi‘ souihern boundary of 
lli rradiira Bay and Plain, I h.und the ( ‘onchulepaji am! TurriuUi^ 
(morally in IVa;:ine!its) at the height of 242 fctft above the 
a. 1 C'nild net liavi' tuM that tlic^sc' shells had wot formerly fxten 
hronj^dit up hy man, it I had not fniirid one* very ximail tnaiW of them 
c^ incnted togeiln r in a friable calcareous tuff. I mention thi« fact 
more particularly, Ixeau-^o I carefully looked, in many ap|>arently 
fAvonnihle spots, at le.H.'*er hei;;lit/n fui the side of thift ridge, and could 
not find even the smalje-^t fragment of a slioll. This i« only one 
in-tanco out of many, proving that the absence of iiea-aliolla on the 
Mirfaco, though in many respecls inexpltcahle, is an argi^inent of very 
liltli* weight in opposition t(» (dher evidence on the rifCt*nt elevation of 
the land. The highest point in this neighbourhood at which I found 
upraised hhells of existing .species, was on an inland calcareous picun, 
at the height (>f 2o2 feet above tlie j«\a. 

It would appear from Mr. (^aldckmghVs roj^iiarclics,* that a rbc has 
Uken ])laee here witiiin llie last century and a lialf ; and aa nO «nd- 
tn c lango of level lias been observed during the not very severe 
cy iquakes, whuh have occasionally occurred here, the rising has 

rhiU . 1 ? x/T’ lately, in progress at 

* ‘ n( a. alparaiso : there arc three well*-ktiuW'n rtKfks, called 
J lorrf.iin^H of Ihv (ioologtcai Society, vol. ii. p. 410 . 
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the Pelicans, which in 1710, according to Feuillee, were d Jleurd^eau^ 
but now are said to stand twelve feet above low water-mark • the 
spring-tides rise hero only five feet. There is another rock, now nine 
feet above high wajter-mark, whicli in the time of Frezier and of 
Feuillee rose only ive or six feet out of water. Mr. Caldcleugh, 
I may add, also shows (and 1 received similar accounts) that there 
has been a considerable decrease in the soundings during the last 
twelve years in the Bays of (joquiinbo, Concepcion, Valparaiso, aiffil 
Guasco ; but as in these cases it is nearly impossible to distinguish 
between the accumulation of sediment and the upheavement of the 
bottom, I have not entered into any details. 

Valley of Coquimbo . — The narrow coast-plain sends, as before 
stated, an arm, or more correctly a fringe on both sides, but chiefly 
on tlio southern side, several miles up the valley. These fringes are 
worn into steps or terraces, which present a most remarkable ap- 
pearance, and have been compared (thougii not very correctly) by 
Capt. Basil Hall, to the parallel roads of Glen Roy in Scotland : 
their origin has been ably discussed by Mr. Lycll.* The first sec- 
tion which 1 will give, is not drawn across the valley, but in an east 
and west lino at its mouth, where the ste])- formed terraces deboucli 
and proccut their very gently inclined surfaces towards the Pacific. 

No. 9. — EAST AND WEST SECTION TlIllOUOH THE TERHACES AT COQUIMBO, 

WHERE THEY DEBOUCH PROM THE VALLEY, AND FRONT THE SEA. 


( r. ) 

304 (H.') 



Level of Sett, Town of Coquiiub ). 

Verticnl scale of inch to 100 feet : horizontal scale much contracted. 

The bottom plain (A) is a]>out a mile in width, and rises quite 
insensibly from the beach to a height of twenty-five feet at the foot 
of the next plain : it is sandy and abundantly strewed with shells. 

Plain or terrace (B) is of small extent, and is almost concealed by 
the houses of the town, as is likewise the escarpment of terrace (C). 
On both sides of a ravine, two miles south gf the town, there are two 
little terraces, one above the other, evidently corresponding with B 
and C ; and on them marine remains of the species already enumerated 
were plentiful. Terrace (E) is very narrow, but quite distinct and 
level ; a little southward of the town there were traces of a terrace 
(D) intermediate between (E) and (C). Terrace (F) is part of the 
fringe- like plain, which stretches for the eleven miles along the coast; 
it is here composed of shingle and is 100 feet higher than where 
composed of calcareous matter. This greater height is obviously due 
to the quantity of shingle, which at some former period has been 
brought down the great valley of Coquimbo. 

♦ Frinciidea of Geology (Ut edit.), vol. iii. p. 131. 
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CcMOttideriiig the many dielk strewed over the (A) (B) and 

(C)» mid a row miles southward on tiro calcareous piatn, wlitcli is 
continuously united with the up|H^r stepliko plain (F)^ there cannot^ 
I apprehena, bo any doubt, that these six terraces have been formed 
by the action of the sea ; and that their five i%car|)meuts mark so 
many periods of comparative rest in the elevator)* movement, during 
which the sea wore into the land. The elevation between those 
periods may have been sudden aiul on an npera*)e not more than 
seventy- two feet each time, or it may have been gradual and iiisen* 
sibly »lt>w. From the shells on the three lower terraces, iMid on the 
upper one, and I may add on the three gravel-capped terraccss at 
C oiichaltv, being all littoral and sub-littoral species, and from the 
analogical facts given at Valparaiso, and histly from the evidence of a 
slow rising lately or still in progress here, it appears to me far more 
probable, that the movement has l»een slow. The existence of 
succe’ssivo escarpments, or old cliff-lines, is in an(»ther resj>o€t highly 
instmetive, for tliev show periods of comparative rest in the elovatory 
movement, and of denudation, which would never even have been 
sus|H‘cted from a close examination of many miles of coast southward 
of Coquinibo. 

We come now to the terraces on tlie opposite 8i<lcs of the cast and 
west valley of Coqiiiinbo: the following section is taken in a north 
and south line across the valley at a point about three miles from tlic 
sea. The valley measured from the edges of the (^scarpinents of tl\c 
upper plain (F) (F) is about a mile in width ; but from the bases 
of the bounding mountains it is from tlire(* to four miles wide. The 
terraces marked with an interrogatix* do not exist on that side of 
the valley, hut are introduced merely to render the diagram inert* 
intelligible. 


No. 10. — NUHIII AM> SOOTH SKCTIO.N ACIHOS^. T II F. VAM.KY OF COQUIM 80. 


S'^rth. Hmttft. 

i ' K ? K V 



^ lAtft'l of 

Vr>rt>rJil fral** (if inch to OtOfri't: hori/«>f>u»)»ra!t) much cnniracmi; tru*rk*»d wHh 


' (1(1 n.>t orrur on tliut »itlc nf iln- sire inrro*lurr<l only lo rnak^* the dlig^fum more 

A rivi'r ami boUom-jihOn of »»Ury ; <’ K and F, on the •outb »itle of Vttllcy, ttfo 
r.-^fwicfivcly, H}7, 977, and 45lM> ffet nhov« Ih© I©v©I of Oi© «f'a. 


A V Tlof iKittoin of the valley, iHiiteved fo be 100 feet above the ee«: it is con* 
linuou:*!)' unitfd with iho lowest plain (A) of iho former section. 

( 1) j I his terrace hij^hor up the valley expands ctmsiderably ; seaward it if »t)on 
lost, ita escarpment being united with that of (C): It if not detrelofied ft all 
on th© south side of the valley. 

(C) Ijiis terrnco like the last, i.« considerably expanded higher up the valley. 
I hcHo twfi torruces apparently correspond with 15 and C oi tbo former section* 

( ) IS not well dovflojHjd in the line of this section; hut •eaw%'ird it e*|Hinds 
into a phuu : it is not pr*»sent on the south side of the volley ; hut it is UJet 
'Mill, as statful under the former section, n little south of the town. 
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(E) U well developed on the south side, but absent on the north side of the valley : 
though not continuously united with (E) of the former section, it apparently 
corresponds with it. 

(F) This is the surface-plain, and is continuously united with that which stretches 
like a fringe along the coast. In ascending the valley it graduallj becomes 
narrower, and is at last, at the distance of about ten miles from the sea, re- 
duced to a row of flat-topped patches on the sides of the mounlalLS. None 
of the lower terraces extend so far up the valley. 

These five terraces are formed of shingle and sand ; three of them, 
as remarked by Capt. B. Hall (namely, B, C, and F), are much 
more conspicuous than the others. From the marine remains co- 
piously strewed at the mouth of the valley on the lower terraces, 
and southward of the town on the upper one, they are, as before 
remarked, undoubtedly of marine origin ; but within the valley, and 
this fact well deserves notice, at a distance of from only a mile and a 
half to three or four miles from the sea, I could not find even a 
fragment of a shell. 

On the inclination of the terraces of Coquimho^ and on the upper 
and basal edges of their escarpnnents not being horizontaU — The sur- 
faces of these terraces slope in a slight degree, as shown by the two 
last sections taken conjointly, both towards the centre of the valley, 
and seawards toNvards its mouth. This double or diagonij inclina- 
tion, w hich is not the same in the several terraces, is, as we shall 
immediately see, of simple explanation. There are, however, some 
other points which at first appear by no means obvious, — namely, 
first, that each terrace, taken in its w hole breadth from the summit- 
edge of one escarpment to the base of that above it, and followed up 
the valley, is not horizontal ; nor have the several terraces, when fol - 
lowed up the valley, all the same inclination ; thus I found the 
terraces C, E, and F, measured at a point about two miles from the 
mouth of tlio valley, stood severally between fifty-six to seventy-seven 
feet higher than at the mouth. Again, if we look to any one lino of cliff 
or escarpment, neither its sumiliit-edge nor its base is horizontal. On 
the theory of the terrjiccs having been formed during a slow and 
equable rise of the land, with as many intervals of rest as there are 
escarpments, it appears at first very surprising that horizontal lines 
of some kind should not have been left on Ihe land. 

The direction of tlio diagonal iiiclinatioif in the different terraces 
being difibrent, — in some being directed more towards tlie middle of 
the valley, in otliers more towards its month, — naturally follows on 
the view of each terrace, being an accumulation of successive beach- 
lincs round bays, which must have been of different forms and sizes 
w hen the land stood at diPerent levels : for if w^c look to the actual 
beach of a narrow creek, its slope is directly towards the middle ; 
whereas, in an open bay, or slight concavity on a coast, the slope is 
towards the mouth, that is, almost directly scaw’ard ; hence as a 
bay alters in form and size, so will the direction of the inclination of 
its successive beaches become changed. 

If it were possible to trace any one of the many beach-lines, com- 
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poftine oAch sloping tornico, it would of course be horixonbil ; but the 
only linee of ucinarcntioii are the summit and biftal edges of the 
escarpments. Now the summit-edge of one of these esimrpmenU 
marks the furtlu'^^t line or ]K)int to w hicli the sea has out into a mass 
of gravel sloping seaward ; and as the ijea will pritorally have f^tmUsr 
power at the mouth than at the protected head of a bay, so w^ill the 
escarpment at the mouth be cut deeper into the land, and its summit- 
edge he higlier ; con»iH|ueiitly it will not Iw horizontal. VVith res]>ect 
to the basial or lower of the e^nirpmenis, from picturing in 

one’j< iniiul ancient bays surroimdctl at siKxesHive •periods by 

clid’-formed chore's, one's firi^t iiiij>re:*j»ion that they at U'ast neces- 
sarily mu^t bo hori/>ontal^ if the elevation has been hurizontah But 
liore is a fallacy : for after the has, during a cc^ssatioii of the 
tlcvation, worn clilVs all round the ?ihort*?§ uf a bay, when the move- 
ment rccominenccjj, and e'^jHxially if it rtvoinmcnce:* slowly, it might 
wlH ha}>pcn that, at the exj^osed iiumtlt of the bay, the waves might 
Continue for i^ome time wearing into the land, wliibt in the protected 
and upper part*?, ?oicc»*s-ive heach-Iineji might be aceiiinuiating in a 
sloping ^»urface rrace at tlie foot of the cliffs which had hetm 
lately reached: hence, sup|x>Mng the whole line of ciscarpmeut to be 
finally ujdifted above tlio reach of the .^ea, it!< biWil line or foot near 
the inoutli will run at a l*>v\er lo\id xhan in the upp<*r and pruteirted 
parti (d the bay ; cou»e<piently ibi- basil lino will not Ik? horizontal. 
And it ba^ already been iIioah that the suniiiiit'Cilge's of each e?^carp- 
inent will g<*neraily be higlier near the mouth (from the scaivard 
ilnping land being thiTc mt*st espoH' 1 and cut into) than near the 
head of the bay ; therefore the t»Ual height of tlic escarpments will 
be great^’-<t near the mouth ; and fnriln^r up the ^dd bay or valley 
they will on botii jsides goaierally thin out and die away : I have ob- 
itTved thi.i tliinning out of tho succ»'i:iivc escarpment at other places 
hc*ildt H (*o*piimho; and for a h>ng time I was cpitle unable to under- 
stand itH meaning, I'he following rude diagram will jx^rhaps render 
what 1 mean more intelligible ; it repit^K'iits a Imy in a district which 
ha^^ begun filowly riling. Before the movement coniincnced, it is 
^uppoxt'd that the xvavci liad been enabled to cat into the land and 
h»r»n clitTi, aa far up, but with gradually diminhliing power, as the 
points A A : after the inovemcnt had commenced and gone on for 
a little time, the sea is su]>j)o«H!d still to have retained the power, at 
the exposed mouth of the bay, of cutting down and into the Wid as it 
slowly emerged; but in tin* upper parts of the liay it issupjvosed «oou 
to have lost this power, owing to the more protected situation and to 
tile cpiantity of detritus brought down by the river; consequently low 
land was there accunuilaiCMl. As this lo^* land was formed auring 
a slow elevatory movement, its surface will gently slope upwards from 
tlie beach r»u all hides. Now, let us imagine the bay, not to make the 
diagram more complicated, suddenly converted int<) a valley : the 
baHalhne of Uic diiVs \\\\\ of course bo horizontal, aa far a« the beacU is 
now seen extending in tlie diagram ; but in the upt>or part of the valley, 
this line will be higher, the level of the district having been raiacd 
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No. 11. 



wliilst the low lanil was accumulating at the foot of the inland cliffs. 
If, instead of the bay in tlie diagram being suddenly converted into a 
valley, we suppose witli much more probability it to be u}>raised slowly, 
then tlie waves in the upper parts of the bay, will continue very gra- 
dually to fail to reach the cliffs, which are now in the diagram repre- 
sented as washed by the sea, and which, consequently, will be left 
standing higher and higher above its level ; whilst at the still exposed 
mouth, it might well happen that the waves might be enabled to cut 
deeper and deeper, both down and into the cliffs, as the land slowly rose. 

The greater or lesser destroying power of the waves at the mouths 
of successive bays, comparatively with this same power in their upper 
and protected parts, will vary as the bays become changed in form 
and size, and therefore at different levels, at their mouths and heads, 
more or less of the surfaces T>etwTen the escarpments (that is, the 
accumulated beach-lines or terraces) will be left undestroyed : from 
what has gone before we can see that, according as the elevatory 
movements after each cessation recommence more or less slowly, 
according to the amount of detritus delivered by the river at the 
beads of the successive bays, and according* to the degree of protection 
afforded by their altered forms, so will a greater or less extent of ter- 
race be accumulated in the upper part, to w hich there will be no sur- 
face at a corresponding level at the mouth : hence wo can perceive 
why no one terrace, taken in its whole breadth and followed up the 
valley, is horizontal, though each separate beach-line must have been 
so ; and why the inclination of the several terraces, both transversely, 
and longitudinally up the'Valley, is not alike, 

I have entered into this case in some detail, for I was long per- 
plexed (and others have felt the same difficulty) in understanding 
l»ow’, on the idea of an equable elevation with the sea at intervals 
eating into the land, it came, that neither the terraces nor the jipper 
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nor lower edges of Uie escArpmenU were hop^onUl. « Along lines of 
coasts OYen of great lengtlis^ such as that of Patagonia, if they are 
nearly uniformly exposed, the corroding power of the warn will bo 
checked and conquered by the ©levaiory movement, as often as it 
recommences, at about the same period ; and hAce the terraces, or 
accumulated beach-Unes, will commence being formed at nearly the 
same levels : at each succeeding period of rest, they will, also, be 
eaten into at nearly the same rate, and consequently there will be a 
much closiT coincidence in their levels and inclinations, than in the 
terraces and escarpments formed round bays with their diifA'ent ]»art» 
very differently exjmsed to the action of the sea. It is only wlierc 
the waves are enabletl, after a long lapse of time, slowly to corrode 
hard rocks, or to tlirow up, owing to the supply of sediment being 
small and to the surface being steeply iiidineiK a narrow beach or 
mound, that w*e can expect, as at Glen Koy in Scotlaiul,* a distinct 
line marking an old sea-level, and which will be strictly horizontal, if 
the suhjKjquent olevatory inoveiuents have bevn so : for in thm* cases 
no discernible effects will be produced, except during tiie long inter- 
vening j>criods of rest ; whereas in the cane of step-formed coasts, 
such as those described in this and tlio ])reccding chapter, the ter- 
races themselves are accnnnilated during the slow elevatory process, 
the accumulation commencing sooner in protecifid than in exposed 
situations, and sooner w here there is copious supply of detritus than 
where there is little ; on the other hand, the steps or escarpuiouts are 
formed during the stationary periods, and are more detjply cut down 
and into the coast-land, in exposed than in protected situations; — the 
cutting action, moreover, being prolonged in the mf>st exposed parts, 
both during the beginning and ending, if slow, of the U}>ward 
movement. 

Although in the foregoing discussion I have assumed the elevation 
to have bc^cn horizontal, it may be suspectcil, from the considerable 
M*a-\vanl slope of the terraces, both up the valley of S. Cruz and up 
that of (‘oquitnbo, that the rising has tn’en greater inland than nearer 
lh(‘ coast. Tliere is reason to believe, t from the effects produced on 
the water- course of a mill during the earthquake of 1822 in C^hilo, 
that tlu* upheaval one mile inland was nearly double, namely, Ikj- 
twai^n five and seven feet, to what it was on the Pacibc. Wc know, 
also, from the admirahle researcheft of M. Ilravais,^ that ih 8candinavia 
the ancient sea-heaches gently slope from the interior mountain-ranges 
towards llic C(;ast, and that they are not parallel one to tho other, 
sliowing that the proportional difference in the amount of elevation on 
the coast and in the interior, varied at different jHjriodH. 

foffiitnho to (JaciMco , — In this distance of ninety miles, I found in 
almost every ])art marine shells up to a hci^lit of apparently from 200 
to 300 f(‘ct. 3’lie desert plain near Choros is thus covered ; it is 

♦ Philosophical I'lnn^actions, 183*), n. ,30. 

I Place in thn Quarterly Journal of 1824, voh Jivii, p. 42. 

: Voyages ];* (.oaim. (in' Nord, 6tc.: Comptcs Kmulus, Ovt, IH42. 
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bounded by the escarpment of a higher plain, consisting of pale- 
coloured, earthy, calcareous stone, like that of Coquiinbo, with the 
same recent shells embedded in it. In the valley of Chaneral, a 
Hiinilar bed occurs in which, differently from in that of Coquimbo, 
I observed many shells of the Concholepas : near Guasco the same 
calcareous bod is likewise met with. 

In the valley of Guasco, the step-formed terraces of gravel are dis- 
played in a more striking manner than at any other point. I followed 
the valley for thirty-seven miles (as reckoned by the inhabitants) 
from the (X>a6t to Ballenar : in nearly the whole of this distance, five 
grand terrac*e8, running at corresponding heights on both sides of the 
broad valley, are more conspicuous tljan the three best developed 
ones at Coquimbo, They give to the landscape the most singular and 
formal aspect; and when the clouds hung low, hiding the neigh- 
bouring mountains, the valley resembled in the most striking manner 
that of Santa Cruz. The whole thickness of these terraces or plains 
seems composed of gravel, rather firmly aggregated together, with 
occasional parting seams of clay : the pebbles on the upper plain arc 
often white* washed with an aluiniuous substance, as in Patagonia. 
Near the coast I observed many sea-shells on the lower plains. At 
Freyrina (twelve miles up the valley), there are six terraces beside 
the bottom- surface of the valley ; the two low’cr ones are here only 
from 200 to 000 yards in width, but higher up the valley they 
exj)and into plains : the third terrace is generally narrow ; the fourth 
I saw only in one place, but there it was distinct for the length of a 
mile : the fifth is very broad : the sixth is the summit-plain, which 
expands inland into a great basin. A^ot having a barometer witli me, 
I did not ascertain the height of these plains, but they appeared con- 
siderably higher than tliose at Coquimbo. Their width varies much, 
sometimes being very broad, and sometimes contracting into mere 
fringes of separate, flat-topped projections, and then quite disappearing ; 
at the one spot, where the fourth terrace was visible, the w hole six 
terraces w ere cut off for a shoft space by one single, bold, escarpment. 
Near Ballenar (thirty-seven miles from the mouth of the river), the 
valley between the summit-edges of the higliest escarpments is several 
miles in width, and the five terraces on both sides are broadly deve- 
loped : the highest cannot be less than OflO feet above the bed of the 
river, which itself must, I conceive, he sdVne hundred feet above the 
sea. A north and south section across tlic valley in this part is here 
represented. 

No. 12 .— NORTH and south SECTION ACROSS THE VALLEY OF GUASCO, 
AND OF A PLAIN NORTH OF IT. 

yorth. South, 



Town of Ballenar. 


On the northern side of the valley the summit-plain of gravel (A) 
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te IM i wwmnrti ^ m» Mf tim wikjr* m 4 «tiMr « 
h m h i Vn ptm (B% widali ttnifaiiimi for Mf«na Mrattii nortliwara. 
TUi mmr fAnAi (A) wkh the <lo«iUe tHmuiwiAi, evldottly onw 

into Mddtvidtiiff two 

hiyt, md mbrntantiy «m worn on bott iMflii into stwp cliff*. 
Wh^Om the mml in tbii vnlbjr, wm formed dttrtng 

tim mwe eliiliomitjr neri^ with ihom of Ooquimbo, I wilt not pre* 
Itftd to conjeclitro; Sot if fto« Iho intonrenbg and tobtoqiifini ekiva- 
iorv motoifients mini have been here much more eoergetie, for theeo 
pliiina certainly sUnd at a moeb higher Wvel^ than do tlioee of Co* 
quimbo. 


— Frx»m Ooaaco to Copiapo, I followed the rt>ad near tlic 
ftV'l of the t'ordillera, and therefore toiw no upraised nnnaioft. At the 
month, however, of the valley of (’opiapo there is* a plain, ciitiniated 
by Meyen^ between hflv and seventy ft^et in height, id wliicli tlie 
nppi'T part conai^U chieHy of gravel, aWninding with recent fiiiells, 
chktly of the (‘oncholepas fVww# /Mmieyt and f troc/ii- 

/ortnU, A little inlantl, on a plain wtimaUd by tiiy?n‘lf at nearly 
the upper i»tratu in wa« formeil of broken ehella and sand 
cemented by white calcarei»u» matter, and alminding with emUdded 
recent Khella, of w hich the Mufiuui BproHenn$ and Peetm purpurahut 
were the moiit numeroui, I’lie lower plain Htretchi's for Monie inile« 
southwanl, and for an unknown dintaiice nortiiward, hut not far np 
the valley; seaward fac', according to Me\en, i*> worn into cnvcjj 
above the level of tlie present beach. The valley c f C^)piaj>o is much 
less steeply inclintNl and h‘-s direct in its course, than any other vallev 
wliich I saw in Chil<‘; and its huttoin does not generally consist of 
gravel: there are no .step-formed terrans in it, except at one spot 
near the mouth of the great lateral \alle} of the De.sjKjhIado where 
there are only two, one ahovc the other: lower down the vallev, in 
one place I obserNod that the solid rock had been cut into the shape 
of a Ix’ach, and was smootlicd over w’itlT shingle. 

Northward of Copiapo, in lat. 2f;^ S., the old voyager AVaferl 
found immense iminbors of sca-shella s^une mih^s from the coast. At 
Cobija (lat. 22^ dt'j, M.^d’Orbigny observed beds of gravel and 
broken wheels, containing ten ^pecies\)f recent j^hells ; he also found 
on projecting point3 of potphyry, at a height of 3(10 feet, shells of 
Concliolepas, (M.iton, (^alyi>tr«a, Fissurella, and PaUdIa, still at- 
tached to the spots on which they had lived. M. d’Orbigny argues 
from this fact, that the elevation must have l>een great and sudden 


* hejsc om rlie KreU. Tb. I, s. .372, et seep 

t I'»urri<-tt’a Collfttuin of V'oyn(jf«»s, vol. ir, p, 193 ,* 

: \ Part. p. fi4. M. cl’Orbigny (p. 9«) in »umiuing np, says, 

• lint nrtnin (lis htilipvps) que Iouh Uth Imam* m pf*nte, compris «nir« la 

I’antieii nvage df' la mer, on doit auppoaer, pour IVn- 
rlrn «’ (pii no 8erau pas moiiidr© do doux cent metres; it fau- 

n’n point ('to craduel ; mais qu'il 

iho sf 'i f ^ r “**'•” ® rauim forliiUo/’ \c. Now, on tbl» viow^, when 
tbosf.i Nvu<» forming ,i.e hoach ut t ho foot of ibo mountains, many shells of (‘on- 
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to me it appears far more probable that the movement was gradual, 
with small sUirts !i8 during the earthquakes of 1822 and 1835, by 
which whole beds of slielU attached to the rocks were lifted above 
the subsequent reach of tlie waves. M. d'Orbigny also found rolled 
pebbles, extending up the mountain to a height of at least GOO 
feet. At Iquique (lat. 20° J2' S.), in a great accumulation of sand, 
at a height estimated between 150 and 200 feet, I observed many 
large sea- shells wdiich I thought could not have been blown up by 
the wind to that height. Mr. J. li. Blake has lately* described these 
shells: he states that “inland toward the mountains they forma 
compact uniform bed, scarcely a trace of the original shells being dis- 
cernible ; but as wo approach the shore, the forms become gradually 
more distinct till we meet wdtli the living shells on the coast."' 
This interesting observation, shoiving hy the gradual decay of the 
shells how^ slowly and gradually the coast must have been uplifted, we 
shall presently see fully confirmed at Lima. At Arica (lat. 18° 28'), 
M. d’Orbigny t found a great range of sand-dunes, fourteen leagues in 
length, stretching towards Tacna, including recent shells and bones of 
Cetacea, and reaching up to a height of 300 feet above tlie sea. 
Lieut. Frcycr has given some more precise facts: he states J that the 
Morro of Arica is about 400 feet high ; it is worn into obscure ter- 
races, on the l>are rock of which he found Balini and ^lillcpora^ ad- 
hering. At the lieight of between twenty and thirty feet tlio shells 
and corals were in a quite fre>h state, but at fifty feet they were 
much abraded ; tlicre were, however, traces of organic remains at 
greater heights. On the road from Tacna to Arequipa, between 
Ijoquimbo and Moquegua, Mr. JM. Hamilton § found numerous recent 
sea-shells in sand, at a considerable distance from the sea. 

Lima, 

Northward of Arica, I know nothing of the coast for about a 
space of five degrees of latitude ; but near Callao, the port of 
Lima, there is abundant and very curious evidence of the elevation of 
the land. I'he island of San Ldrenzo is upwards of 1000 feet high ; 
the basset edges of the strata composing the lower part are worn into 
three obscure, narrow^ sloping steps or ledges, which can be seen 
only when standing on them : they probably resemble those described 
by Lieut. Freyer at Arica. The surface of the lower ledge, which 
extends from a low cliff overhanging the sed to the foot of the next 
upper escarptnent, is covered by an enormous accumulation, of recent 

cholopas,Cljiton,Calyptrapa, Fissurella, and Patella (which are known to live close 
to the bench), were attached to rocks at a depth of 300 feel, and at a depth of GOO 
feet several of these same shells were nccumulatinj: in preat numbers in horizontal 
beds. From wiiat I have nivse^ seen in dredping, 1 believe this to be improbable 
in the hiphest degree, if not impossible; and 1 tlunk every one who has read 
Prof. K. Forbos’s excellent researches on the subject, will without hesitation agree 
in this conclusion. 

♦ Sillitnaii’s Amer. Jour, of Science, vol, xbv. p. 2. 

t Voyage, *Stc. p. 101. 

J In a Fetter to Mr, byell, (leolog. Proc. vol. it. p. 179. 

$ Kdin. New Phil. Jour. vdl. zxx, p. 156. 
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TUe bed is levels and in some parts more thaw two feet in 
thickness ; I traced it over a space of one mile tii length, and heard of 
it in other places; the uppermost part U eig!ify-nvc feet by the 
barometer above high-water mark* The sholU are packe<\ together, 
bwt not stratified ; they are mingled with eartW and stones, and are 
generally covered by a few inches of detritus; they rest on a mas.s of 
nearly angular fragments of the underlying sandstone, sometimes 
cemented together by common sjiH. I collected eighteen spc'cics of shells 
of all ages and sizes. Several of the univalves had evidently long lain 
dead at tl»e bottom of the sea, for their were intrusted with 

Balani and Scrpiilm. All, according to Mr. C». IhSowerby, are recent 
species : they consist of — 

1. MytDus Mag^ellanicns : sa mo as that 9. Purpura chocolatia, Duclns. 

(bunj at VulpHToko, ami thero »tale<l 10. Pvniviann, t»r:»y. 

to ho probably distinct from tbo II. labiutii (iray. 

true Af. Maffeilanietis of the oast 1*2, buxea ( Murt x, Brad.') 

coast, ' 1.3. ConoiioN pas l*i»ruviaini. 

2. Venus costellata, Sowb. Zool. Proc. ; 14. Naswa, related to rcUcuhitri. 

3. Pi'cten purpurntus, Iviini. 13. I riton rudis, Urod. 

4. Cbama, probaVjly ecbinulatu, Jirotl, 10. I roc la: s, not yet dcsciihcd, but well 

.5. Calvptraca Uyronon^is, Gtuy. known and \cry common, 

fj, radians (Trochus, Lam.) 17 and IH. PalunuH* two ipfcitu), both 

7. Fissurella nffinis, Ornv. common on the coast. 

8 . — biradinta, 'frenibly. 

These upraised shells appear to he nearly in the same pro[>ortion;il 
numbers, with the exception of the (.Tepidulec being more numerous, 
with tlio.se on the existing heacli. Tiie stat(‘ of presrTvation of tlif* 
different species differed much; hut most of them were much cor- 
roded, brittle, and bleached : the upper and lower surfaces of the 
C’oiicholepas had generally quite scaled off : some of the Trochi and 
Fissiirellffi still partially retained their colours. It is remarkable that 
these shells, taken all together, have fully as ancient an ajqu'arance, 
althcMigh the extremely arid climate appears highly favourable for 
their preservation, as those from 1,300 feet at Valparaiso, and cer- 
tainly a more ancient ap[»earance tlian tlu>He from 300 or COO feet 
from Valparaiso and Concepcion ; at w hich plact‘s I have seen grass 
and other veg«,‘tahle.s actually growing out of the shells. Many of 
the univalves here at Sa^n I^orenzi) were filled with and united to- 
getlier l^y pure salt, ]>rohahly left by the ovaporatioii of the sco- 
spray, as tlie land slowly emerged.! f)n the liigliest parts of the 

* .M. Chevah^^r, ifi the Voyage of tbf* Ibmitc, obiOrved llmso ubella; but |ji« 
»P^‘( imoMs were losf.— f/InHiliut, 1838, p. 131. 

t llyMmil^Tlyin^r srindslonc conlaifm trii« layer* of fall; *o that tb« fait may 
].o^sibiy l>uve com« fo-ni }be bods iu the l«»gb#<r part* of iklarul ; but I think 
mort* pioSaMv ffom the mca Spray. It gcnernlly aas<«rtcd that rain ilovor fall* 
on tii«- (,f ; but this H not tynU'> accurate ; for, mt myerai daya, during 

^>ur vwn, >o-r ailed Peruvian dew fell in .^ufbeient C)uai4Uty to moko llio atrteeU 
it'o n ! ' ' 1 ''onld cortainly have waflliciJ «o tl<>ti<|itejtccnt n aubatanco oa aaO 
iert stn * * tl'M brua isc M. d’Ofbiffny, in diwuiaing ftii artalogou* *«b- 

w’ \ 111 ^*7 * forgotrpn that it never ratna on tbi» whole hue of coMt* 

ItrcctVot I u "• '* ^*‘“** 1‘- Of 

, anM on tho cnmmuanco of ib« initU duriog tbo whole winter. 



CHAP. lu] 


1<^88IL REMAINS OP UUMAN ART. 


49 


ledge, small fragments of the shells were mingled with, and evidently 
in process of redu^ion into, a yellowish- white, soft, calcareous powder, 
tasting strongly of salt, and in some places as fine as prepared 
medicinal chalk. 

FomM rmuiifiB of Human Art. — In the midst of these shells on San 
Lorenzo, I found light corallines, the homy ovule-cases of mollusca, 
roots of sea-weed,* bones of birds, the heads of Indian com and other 
vegetable matter, a piece of woven rushes, and another of nearly 
decayed colton string. I extracted these remains by digging a 
hole, on a level spot ; and they had all indisputably been embedded 
with the shells. 1 compared the plaited rush, the cotiim string, and 
Indian corn, at the house of an antiquarian, with similar objects, 
taken from the Iluacas or burial-grounds of the ancient Peruvians, 
and they were undistinguishable ; it should be observed that the 
Peruvians used string only of cotton. The small quantity of sand 
or gravel with the shells, the absence of large stones, the width and 
tliickness of the bed, and time requisite for a ledge to be cut into 
the sandstone, all show that tnese remains were not thrown high up by 
an earthquake- wave : on the other hand these facts, together with 
the number of dead shells, and of floating objects, both marine and 
terrectrial, both natural and human, render it sdmost certain that 
they were accumulated on a true beach, since upraised eighty-five 
feet, and upraised this much since Indian man inhahited Peru. The 
elevation may have been, either by several small sudden starts, or 
quite gradual ; in this latter case the unrolled shells having been 
thrown up during gales beyond the reach of the waves wliich after- 
wards broke on the slowly emerging land, I have made these re- 
marks, chiefly because I was at first surprised af the complete 
difference in nature, between this broad, smooth, upraised bed of 
shells, and the present shingle-beach at the foot of the low sandstone- 
cliffs ; but a beach formed, when thPsea is cutting into the land, 
as is shown now to be the case by the low bare sandstone-clifiFs, 
ought not to be compared with a beach accumulated on a gently 
inclined rocky surface, at a period when the sea (probably owing to 
the elevatory movement in process) was not able to eat into the 
land. With respect to the mass of nearly angular, salt- cemented 
fragments of sandstone, which lie under the shells, and which are 
80 unlike the materials of an ordinary sca-beacli ; I think it pro- 
bable, after having seen the remarkable eflectst of the earthquake of 
1835, in absolutely shattering as if by gunpowder the surface of the 
primary rocks near Concepcion, that a smooth bare surface of stone 

• 

Rain, also, falls at rare intervals even in the driest districts, as, for instance, dur- 
ing forty days, in 1726, nt Chocope (7® 46'); this rain eniirely ruined (l311oa,&c. 
p. 18) the mud -houses of the inhabitants. 

♦ Mr. Smith of Jordanbill found pieces of sea-weed in an imraised pleisto- 
cene deposit in Scotland. See bis admirable Paper in the Edin. New Phil. Jour^ 
nal, vol. XXV. p, 384. 

1 1 have described this in my Journal of Researches, p. 303, 2nd edit. 

E 
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waa left by Uh* cotered by the elielly and thai after- 

wards wben upraised, it was su^KMActally sbait49ftd by tlie severe 
shocks so often experienced here* 

The very low land surrounding Uie town of Callao, is to the 
south joined by an obscure escarpincot to a higheaplatii, (sooth of Bella 
Vista) whicli stretches along the coast for a lengtlt of about eight 
miles. This plain apficars to the eyn quite level; but the sea- 
cUtfs show that its height varies (as far aa I could estimate) from 
70 to 120 fi'et. It is comjHised of Uiin, eon^etimes waving, beda 
of clay, often of bright -re<l and yellow oolourt, of layers of impure 
^and, aiitl in one part with a gnmt stratified mass of granitic pebbles. 
The^' bc<ls arc capped by a remarkable mass, varying from two to 
i^ix feet in thickness, of reddish loam or mud, containing many 
scattered and broken fragments of recent marine sholls, sometimes 
though rarely single large round pebble, more frequently short irre- 
gular layers of fine gravel, and very many pieces of rtd coarse earth- 
enware, which freni their curvatures must onco have formed |>arta 
of large vessels. The earthenware is of Indian manufacture; and 
I found exactly similar pieces accidcmally included within the 
bricks, of which the neighbouring ancient Peruvian burial-mounthi 
arc built. These fragments almmdcd in such numbers in certain 
spots, that it appearetl as if waggon -loads of earthenware had been 
smashed to pieces. The broken sea-shells and pottery are strewed 
both on the surface, and throughout the whole thickness of this 
upper loamy mass. I found them wherever I examined the cliffs, for 
a space of between two and throe miles, and for half a mile inland ; 
and tlicrc can Ix^ little doubt that this same bed extends with a 
smooth surface several miles further over the entire plain. Besides 
the little inchfded irregular layers of small pebbles, there arc occa- 
sionally very obscure traces of stratification. 

At one of the highest parts of tlie cliff, estimated 120 feet above 
the sea, wlicre a little ravine qpae down, there were two sections, at 
riglit angles to each other, of the floor of a shed or building. In 
botli s<‘ctions or faces, two rows, one over the other, of largo round 
stones could be distinctly seen ; they were packed close together on an 
artificial layer of sand two indies thick, which had been placed on 
the natural clay-lxids ; the round stones were covered by three 
feci iu thickness of thfe loam with broken sea-sholls and pottery. 
Hence, before this widely spread-out betl of loam was deposit^, it is 
certain that the plain was inhabited ; and it is probable, from the 
broken vessels being so much more abundant in certain spots than 
in others, and from the underlying clay being fitted for their manu- 
facture, tliat the kilns stood hero. , 

The ginoothness and wide extent of the plain, the bulk of matter 
deposited, and the obscure traces of stratification seem to iiidicato 
that the loam was deposited under water ; on the other hand the 
presence of ix'a-sliclls, their broken state, the pebbles of various riaes, 
and the artificial floor of round stones, almost prove that it must 
have originated in a rush of water from the sea over the land. The 
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height of tlio namely, 120 feet, renders it improbable that an 
earthquake- wave, vast as some have here been, could have broken 
over the surface at its present level ; but when the land stood eighty- 
five feet lower, at the period when tlie shells werfi thrown up on the 
ledge at S. Lorenzo, and when as we knq;w man inhabited this dis- 
trict, such an event might well have occurred; and if wo may^r- 
ther suppose, that the plain Was at that time converted kifw a 
temporary lake, as actually occurred, during the earthquakes of 1713 
and 1740, in the case of the low land rouna Callao owing to its being 
encircled by a high shingle-beach, all the appearances above described 
will bo perfectly explamed. I must add, that at a lower level near 
the point where the present low land round Callao joins the higher 
plain, there are appearances of two distinct deposits both apparently 
formed by debacles : in the upper one, a horse's tooth and a dog's jaw 
were embedded ; so that both must have been formed after the settle- 
ment of the Spaniards : according to Acosta, the earthquake- wave of 
158G rose eighty- four feet. 

The inhabitants of Callao do not believe, as far as I could ascer- 
tain, that any change in level is now in progress. The great frag- 
ments of brickwork, which it is asserted can be seen at the bottom 
of the sea, and which liave been adduced as a proof of a lato subsi- 
dence, are, as I am informed by Mr. Gill, a resident engineer, loose 
fragments ; this is probable, for I found on the beach, and not near 
the remains of any building, masses of brick- work, three and four 
feet square, which had been washed into their present places, and 
smoothed over with shingle, during tlie earthquake of 174G. The 
spit of land, on which the ruins of Old Callao stand, is so extremely 
low and narrow, that it is improbable in the highest degree tliat a 
town should have been founded on it in its present state; and I 
have lately heard^ that M. Tschudi has come to the conclusion, 
from a comparison of old with ^modern charts, that the coast both 
south and north of Callao has subsided. I liave shown that the 
island of San Lorenzo has been upraised eighty-five feet since the 
Penivians inhabited this country ; and whatever may have been the 
amount of recent subsidence, by so much more must the elevation 
have exceeded the eighty-five feet. In several placesf in this neigh- 
bourhood, marks of sea- action have been otiserved: Ulloa gives a 
detailed account of such appearances at a point five leagues northward 
of Callao : Mr. Cruikshank found near Lima, successive lines of sea- 
cliffs, with rounded blocks at their bases, at a height of 700 feet above 
the present level of the sea. 

I am indebted for this fact to Dr. £. Dieffenbacb. 1 may add that there is a 
tradition, that the islands of San Lorenzo and Fronton were once joined^ and Chat 
the channel between S. Lorenzo and the mainland, now above two miles m width, 
was so narrow that cattle used to swim over. 

t Observaciones sobre el Clima del Lima par Dr. H. Unande, p. 4.— DUoa's 
Voyage, vol. ii. Eng. Trans, p. 97. — For Mr. Cruickshank's observations, see 
Mr. Lyeirs Principles of Geology (Ist edit ), vol. iii. p. 130. , 

E 2 
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On iki Dem^ of uprmmi Imve fUtod tbot many 

of the flhens on the lower inclined ledge or |enmce of Son Lorenxo 
are eorroded in a peculiar niaoner, and that they hate a much 
more ancient appdrance than the same apoetes at eonatderably 

S letter heights on the c^|pst of Chile. I htfre, aleo, stated that 
r||e sheik in the upper part of the ledge* at the height of eighty-five 
above tlio sea, are falling, ainl in some itre quite oliangcd 
into, a fine, soft, s^ine, calcareous powder. The finest part of mis 
powder has been aiiaiyse<l for me, at the request, of Sr II. Delabcche* 
by the kindum of Mr. Trenham Reeks of the MuaeuiA of Econo- 
mic (leology; it consists of carbonato of Hmo in abundance^ of sul- 
pliate and muriate of lime, and of muriate and sulphate of soda. 
The carbonate of lime is obviously derived from the shells; and 
common salt is m abundant in parts of the bed, that, as before re- 
marked, the univalves are often ntled wiili it. Tlio sulphate of lime 
may have been derived, aa has probably the common salt, from the 
cvap<»ration of Uie sea-spray, during the cmeK^cncc of the land ; for 
sulphate of lime is now' copiously deposited nom the spray on the 
shores of Ascension.* The other saline bodies may perhaps have Xyeen 
partially thus derived, but chiefly, as I conclude from the following 
f^acts^ tlmmgh a different means. 

On most parts of the second ledge or old sea-teich, at a hciglit of 
170 feet, there is a layer of white powder of variable thickness, as much 
in some parts as two inches, lying on the angular, sali-ceincnted frag- 
montvS of sandstone and under about four Indies of earth, which powder, 
from its close resemblance in nature to the up}>er and most decayed 
jiarts of the shelly mass, I can hardly doubt originally existed as a be<l 
of shells, now mucli collapsed and quite dlsintegrattHl. I could not 
discover with the niicroscojK? a trace of organic stnicturo in it ; but 
its dicniical constituents, according to Mr. Reeks, are tlie same as 
in the powder extract(*d from amongst the decaying shells on the 
lower ledge, with the marked exception that the caroonatc of lime 
is present in only very small quantily. On the tliird and highest 
kslge, I observed some of this powder in a similar position, and like- 
wise occasionally in small patches at considerably greater heights near 
the summit of the islancb At Iquiquo, where the wdiolc face of the 
c<nintry is covered by a highly saliferous alluvium, and where the 
climate is extremely dry* w'e have seen that, according to Mr. Blake, 
the shells which are perfect near the beach liecoine, in ascending, 
gradually less and less perfect, until scarcely n trace of their original 
structure can be discovered. It is known that carbonate of lime and 
common salt left in a mass together,t and slightly moistened, par- 

♦ Volcanic Islands, ^c, by the Author, p. 62. * 

t I am informed by Dr. Kane, tlirougb Mr. Reeks, that s manufactory was 
established on this pnnciple in France, but failed from the amall quantity of cer- 
houaie of soila produced. Sprengel (Gardener’s Cbron. 1846, p. 167) states, that 
n \ liable to mutual decomposition in the soil. Sir H. 

indabechc informs me, that calcareous rocks, crashed by the spray of the see, are 
often corroded in a peculiar manner ; see also on this latter subject Gardener’s 
( hrou, p. 075. 1844. 
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tiallpr dGcom{H>8e each other : now we liave at San Lorenzo and at 
Iquiquo, in the 'shells and salt packed together, and occasionally 
moistened by the so-called Peruvian dew, the proper elements for 
this action. We can thus understand the peculiar corroded appear- 
ance of the shells on^an Lorenzo, and the great decrease of quantity 
in the carbonate of lime in the powder ^ the upper ledge. Tliere 
is, however, a great difficulty on this view, for the re8ultani^||kts 
should be carbonate of soda and muriate of lime ; the latter is pm^t, 
but not the carbonate of soda. Hence I am led blithe perhaps unau- 
thorized conjecture (which I shall hereafter have to refer to) that tlie 
carbonate of soda, by some unexplained means, becomes converted 
into a sulphate. 

If the above remarks bo just, we are led to the very unexpected 
conclusion, that a dry climate, by leaving the salt from the sea-spray 
iindissolved, is mucli less favourable to the preservation of upraised 
shells, than a humid climate. However this may be, it is interesting 
to know the manner in which masses of shells, grjwiually upraised 
above the sea-level, decay and 6naUy disappear. 

Summary on the recent Elemtion of the Weet Coast of South 
A'lncrica ^ — We have seen that upraised marine remains occur at 
intervals, and in some parts almost continuously, from lat. 45° 35' 
to 12® S., along the shores of the Pacific. This is a distance, in 
a north and south line, of 2075 geographical miles. From Byrons 
observations, the elevation has no doubt extended sixty miles fiirther 
south ; and from the similarity in the form of tlie country near 
Lima, it has probably extended many leagues further north.* 
Along this great line of coast, besides the organic remains, there are 
in very many parts, marks of erosion, caves, ancient beaches, sand- 
dunes, and successive terraces of gravel, all above the present level 
of the sea. From the steepness of the land on this side of the con- 
tinent, shells have rarely been found at greater distances inland than 
from two to three leagues ; but4;he maras of sea-action are evident 
farther from the coast ; for instance, in the valley of Guasco, at a 
distance of between thirty and forty miles. Judging from the up- 
raised shells alone, the elevation in Chiloe has been 350 feet, at Con- 
cepcion certainly 025 feet, and by estimation 1000 feet; at Valpa- 
raiso 1300 feet; at Coquimbo 252 feet; northward of this place, 
sea-shells have not, I believe, been found above 300 feet ; and at 
Lima they were falling into decay (hastened probably by the salt) at 
eighty -five feet. Not only has this amount of elevation taken place 
within the period of existing mollusca and cirripedes; but their 
proportional numbers in the neighbouring sea have in most cases 
remained the same. Near Lima, however, a small change in this 
respect between the living and the upraised was observed: at Co- 

^ I may take this opportunity of stating that in a MS. in the Geological Soc. 
by ]Mr. Weaver, it is stated that beds of oysters and other recent shells are found 
thirty feet above the level of the sea, in many parts of Tampico, in the Gulf of 
Mexico. 
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quiulbo ibis was nioro oYidont, all the shells being existing speeies, 
but with those embedded in the uppemiotit cakanmns plain not ap* 
proximatiog so closely in proportional numbera» as do those that fie 
loose on its surface at the height of 252 feet, and stiU less dosely 
than tlioae which are strewed on the lower pl^insi, which latter are 
identical in proportional Ambers, with those now east up on the 
b|||h* From this circumstance, and from not finding, upon carefhl 
enroinatioo, near Coquimbo any shells at a greater height than 252 
feet, I believe tha(|||||b6 recent eiovatioii there baa been much leas than 
at yaI}mraiso, where it lias been 1300 feet, and I may aid, than at 
Conccjicioo. This considerable ine<|uality in the amount of elevation 
at Coquimbo and Valparaiso, plaa^ only 200 miles apart, is not im- 
probable. considering, first, the dtfiVrence in the force and number of 
the slKHrks now 3 ’early nfi'cctitig dtilerent parts of thb coast ; and, 
stcondl>', the fact of single arenas, such os that of the province of 
ConcejKrion, having been uplifted very unequally during the same 
earthquake. It ivould, in most eases, be very baxardous to infer 
ail inequality of elevation, from shells being found on the surface 
or ill superficial IrmIs at dilferent heights ; for wc do not know on 
what tlieir rate of diH?ay depends; and at Coi]uiiiibo one instance out 
of many has been given, of a promontory, which, from the occur- 
rence of one very small colh'ctiori of lime-cementc<l dielk, has indis- 
putably IxRjn elevaU^l 2i2 feet, and yet on which, not even a fragment 
of shell could be found on cartdul examination lietween this height 
and the beach, although many siltrs apf>earcil very favourable for the 
pnrservation of organic remains : the absence, also, of shells on tiie 
gravel -terraces a short distance up the valley of Corjuiinbo, tUoimh 
abundant on the corresponding terraces at its mouth, should be 
home in mind. 

Tlicrc are other epochs, besides that of the exi»tenco of recent 
mollurica, by which to judge of the changes of level on this coast. 
At Lima, oa wo have just soon, the elevation has been at least cightv- 
ii ve feet, within tlic Indo-liunmn perkxl ; and sinoe the arrival of the 
S[»aniards in 1 530 , there has apparently boon a sinking of the sur- 
face. At Valparaiso, in the course of 220 years, the nso must have 
l>cen le*ss than nineteen feet ; but it has been as mncli as from ton to 
eleven feet in the seventetin yemrs subsequently to 1817» and of this 
rise only a part can he. attributed to the earthquake of 1822, the 
remainder having lx?en insensible and apparotiily still, in I834», in 
progress. At Cliiloe tlio elevation has been gradual, and about four 
left during four years. At Coquimbo, also, it has l>oen gradual, and 
in the course of 1 50 {>car8 has amountCKl to several feet. The sudden 
small upheavals, accom|)anied by earthquakes, as in 1822 at Valpa- 
raiso, in 1835 at Concepcion, and in 1887 in the Chonos Archi- 
j)elago, are familiar to most geologists, but the gradual rising of tho 
coast of Chile has been hardly noticed ; it is, however, very important, 
as connecting together these two orders of events. 

The rise of Lima having been eighty-five feet within the iieriod 
ot nian, is the more surprising if we refer to tho eastern coast of the 
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continent, for at Port S* Julian, in Patagonia, there is good evidence 
(as wo shall hereafter see) that when the land stood ninety feet lower, 
the Macrauchenia, a mammiferous beast, was alive; and at Bahia 
Blanca, when it stood only a few feet lower than it now does, many 
gigantic quadrupeds /anged over the adjoining country. But the coast 
of Pata^nia is some way distant from the Uordillera, and the rooYe> 
ment at Baliia Blanca is perhaps no ways connected with this fireat 
range, but rather with the tertiary volcanic rocks of Banda Oriental, 
and therefore the elevation at these places may fiave been infinitely 
slower than on the coast of Peru. All such speculations, however, 
must be vague, for as we know with certainty that the elevation of 
the whole coast of Patagonia has been interrupted by many and long 
pauses, who will pretend to say that, in such cases, many and long 
periods of subsidence may not also have been intercalated ? 

In many parts of the coast of Chile and Peru, there are marks of 
the action of the sea at successive heights on the land, showing that 
the elevation has been interrupted by periods of comparative rest in 
the upward movement, and of denudation in the action of the sea. 
These are plainest at Chiloe, where, in a height of about 500 feet, 
there are three escarpments, — at Coquimbo where, in a height of 
364 feet, there are five, — at Guasco where there are six, of which 
five may perhaps correspond with those at Coquimbo, but if so, the 
subsequent and intervening elevatory movements have been here 
much more energetic, — at Lima where, in a height of about 250 
feet, there arc three terraces, and others, as it is asserted, at con- 
siderably greater heiglits. The almost entire absence of ancient 
marks of sea-action at defined levels along considerable spaces of coast, 
as near Valparaiso and Concepcion, is highly instructive, for as it is 
improbable that the elevation at these places alone should have been 
continuous, we must attribute the absence of such marks to the nature 
and form of the coast-rocks. Seeing over how many hundred miles 
of the coast of Patagonia, and on how many places on the shores of 
the Pacific, the elevatory process has been interrupfM by periods of 
comparative rest, we may conclude, conjointly with the evidence 
drawn from otlier quarters of the world, that the elevation of the 
land is generally an intermittent action. From the quantity of 
matter removed in the formation of the escarpments, especially of 
those of Patagonia, it appears that the periods of rest in the move- 
ment, and of denudation of the land, have generally been very long. In 
Patagonia, we have seen that the elevation has l^n equable, and the 
periods of denudation synchronous over very wide spaces of coast ; on the 
shores of the Pacific, owing to the terraces chiefly occurring in the 
valleys, we have not equal means of judging on this point ; and the 
very difierent heights of the upraised shells at Coquimbo, Valpa- 
raiso, and Concepcion, seem directly opposed to such a concloaion. 

Whether on this side of the continent the elevation, between the 
periods of comparative rest when the escarpments were formed, has 
ueen by small sudden starts, such as those accompanying recent 
earthquakes, or, as is most probable, by such starts conjointly wijh a 



5(1 ftOMMAIlT OH THE RBCKNT BLie\'ATOET VOTBUBICtS, [CEAP. tL 

gradual ujpwaid movetneni, or by great and auddmi upboavals, I 
bate no direct eTtdonee* But aa on the eastern edast, I was led to 
think, from the analogy of the last hundred feet of elevation in 
Plata, and from the nearly equal sise of the pebbles over the entire 
widUi of the terraces, and from the upraised sI^^Hb being all littoral 
species, that the elevation had been gradual ; so do I on tliis western 
coaH, from the analogy of the movements now in progress, and from 
the vast numbers of shells now living exclusively on or close to the 
beach, which are strewed over the whole surface of the land up to very 
considerable heights, conclude, that the movement here also has been 
»low and gradual, aided probably by small occasional starts, Wc 
know at least that at Coquimbo, urhero five escarpments occur in a 
height of 304 feet, that tlie successive elevations, if they have b<«n 
sudden, cannot have been very great. It has, I think, boon shown 
that the occasional preservation of shells, unrolled and unbroken, is 
not improbable even during a quite gradual rising of the land; and 
their presers’atioii, if the movement lias been aided by small starts, is 
quite conformable with what actually takes place during recent earth- 
quakes. 

Judging from the present action of the sea, along the sliores of 
the Pacific, on the deposits of its own accumulation, the present time 
seems in nio^t places to be one of comparative rest in the elevatorjr 
movement, and of denudation of the land- Undoubtedly this is 
the case along the whole groat length of Patagonia. At Cliiloe, 
however, we have seen that a narrow sloping fringe, covered with 
vegetation, separates the present sea-beach from a line of low cliffs, 
which the waves lately reached ; here, then, the land is gaining in 
breadth and height, and the present period is not one of rest in the 
elevation and of contingent denudation ; but if the rising be not pro- 
longed at a quick rate, there is every probability that the sea will 
soon regain its former horizontal limits. I observed similar low 
sloping fringes on several parts of the coast, both northward of Val- 
paraiso and ne# Coquimbo ; but at this latter place, from the change 
in form which the coast has undergone since the old escarpments were 
worn, it may be doubted whether the sea, acting for any length of 
time at its present level, w'onld eat into the land ; for it now rather 
tends to throw up great* masses of sand- It is from facts such as 
these tliat I have generally used the term ccmjmrative rmty as ap- 
]>licd to the elevation of the land ; the rest or cessation in the move- 
ment l>eing comparative both with what has preceded it and followed it, 
and with the sea’s power of corrosion at eacli spot and at each lovcL 
Near Lima, the clifi- formed shores of San Lorenzo, and on the main- 
land south of Callao, show that the sea i^ gaining on the land ; and 
as we have liere some evidence that its surface has lately subsided or 
is still sinking, the periods of comparative rest in the elevation and 
of contingent denudation, may probably in many cases include perils 
of suhsidence. It is only, as was shown in aetail when discussing 
the terraces of Cwjuimbo, when the sea with difiiculty and after a 
loDf lapse of time has either corroded a narrow ledge into solid rock, 
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or lias lioaped up on a steep surface a narrow mound of detritus, 
that wo dhn confidently assert that the land at that level and at that 
period long remained absolutely stationary. In the case of terraces 
formed of gravel or sand, although the elevation may have been 
strictly honaoutal, it may well happen that no one level beach-line 
may be traceable, ai!d that neither the terraces themselves nor the 
summit nor basal edges of their escarpments may be horizontaL 

Finally, comparing the extent of the elevated area, as deduced 
from the uprais^ recent organic remains, on the two sides of the 
continent, we have seen that on the Atlantic, 8)|plls have been found at 
intervals from eastern Tierra del Fuego for 1180 miles northward, 
and on the Pacific for a space of 2075 miles* For a length of 775 
miles, they occur in the same latitudes on both sides of the continent. 
Without taking this circumstance into consideration, it is probable 
from the reasons assigned in the last chapter, that the entire breadth of 
the continent in central Patagonia has been uplifted in mass ; but 
from other reasons there given, it would be hazardous to extend this 
conclusion to La Plata. From the continent being narrow in the 
southernmost parts of Patagonia, and from the shells found at the 
Inner Narrows of the Strait of Magellan, and likewise far up the 
valley of the S. Cruz, it is probable that tlie southern part of the 
western coast, which was not visited by me, has been elevated within 
the period of recent mollusca: if so, the shores of the Pacific liave 
been continuously, recently, and in a geological sense synchronously 
upraised, from Lima for a length of 2480 nautical miles southward, — 
a distance equal to that from the Red Sea to the North Cape of 
Scandinavia ! 
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OJS THE PLAINS AND VALLEYS OF CHILE : -SALIFEROUS SUPER- 
FICIAL DEPOSITS. 


ikisin-liif phins qfChiUi iheif thm marine arigin-^Marh qf tea- 

action on the eaitem JIanJtt qf the CordiUera — Sloping terraee-liJIif fringet of 
itratificd thingU within the eallegt qf the Cordillera ; their marine origin — 
Ikmldert tii the valleg qf the Cachapual — Horizontal elevation qf the Cordil- 
lera--- Formation of valleys— Bouldere moved by earthquake-wares— Saline 
euperfcial deposits— Bid q/ nitrate qfsoda at Iquique— Saline inerHstatione— 
Salt-lakee qf La Plata and Patagonia; purity ^ the salt; its origin. 

The space betwa^n the Cardillera and the coast of Chile is on a rude 
average from eighty to above one hundred miles in width ; it is 
fonn^, either of an almost continuous mass of nmtmtains, or more 
commonly of several nearly parallel ranges separated by plains : in 
the more southern parts of this province, the mountains are quite 
subordinate to the plains ; in tlie northern part the mountains pre- 
dominate, 

llie basin-like plains at the foot of the Cordillera are in several 
respects remarkable ; that on which the capital of Chile stands is 
fifteen miles in width, in an east and west line, and of much greater 
length in a north and south line ; it s^nds 1750 feet above the sea ; 
its surface appears smooth, but really falls and rises in wide gentle 
undulations, the hollows conesponding with the main valleys of the 
Cordillera : the striking manner in which it abruptly comes up to the 
foot of this great range has l>een remarked by every author* since 
the time of Molina. Near the Cordillera it is composed of a stratified 
mass of pebbles of all sizes, occasionally including rounded boulders : 
near its western boundary, it consists of reddish sandy clay, contain- 
ing some pebbles and numerous fragments of pumice, and sometimes 
passers into pure s^ind or into volcanic ashes. At Podaguel, on this 
western side of the plain, beds of sand are capped by a calcareous 
tuff, tlie uppermost layers being gencrallydiard and substalagmitic, 
and the lower ones white and friable, both together precisely resem- 
bling the beds at Cofjuimbo, whicli contain recent marine shells. 

* Ibis plain \n partisllj separated into two basins by a range of billi; the 
Hoiiihffrn half, according to Meyen (lUise um Ertln,Th.i. s, 274), fslls in height, 
hy an abrupt atep, of between ufteen and twenty feet. 



CHAP. III.] 


HASm-LIKB PLAINS OF CHILE. 


59 


Abrupt, but rounded, bummooks of rock rise out of this plain: 
those of Sta. Lhcia and S. Cristoval are formed of greenstone- por- 
phj^ry almost entirely denuded of its original covering of porphy- 
ritic claystone breccia ; on their summits, many fragments of rock 
(some of them, kinds not found in situ) are coated and united to- 
gether by a wliite, liable, calcareous tuff, like that found at Po- 
daguol. When this matter was deposited on the summit of S. 
Cristoval, the water must have stood 946 feet* above the surface of 
the surrounding plain. 

To the gouth this basin-like plain contracts, and rising scarcely 
perc^tibly with a smooth surface, passes through a remarkable level 
gap in the mountains, forming a true land-strait, and called the An- 
gostura. It then immediately expands into a second basin-formed 
plain : this again, to the south, contracts into another land-strait, and 
expands into a third basin, which, however, falls suddenly in* level 
about forty feet. This third basin, to the south, likewise contracts 
into a strait, and then again opens into the great plain of S. Fer- 
nando, stretching so far soutli that the snowy peaks of the distant 
Cordillera are seen rising above its horizon as above the sea. These 
plains, near the Cordillera, are generally formed of a thick stratified 
mass of shingle ;t in other parts, of a red sandy clay, often with 
an admixture of pumiceous matter. Although these basins are con- 
nected together like a necklace, in a north and south line, by smooth 
land-straits, the streams which drain them do not all flow north and 
south, but mostly westward, through breaches worn in the bounding 
mountains; and in tlie case of the second basin, or that of Ran- 
cagua, there are two distinct breaches. Each basin, moreover, is 
not drained singly : thus, to give the most striking instance, but not 
the only one, in proceeding southward over the plain of Rancagua, we 
first find the water flowing northward to and through the northern 
laud strait ; then, without crossing any marked ridge or water-shed, 
we see it flowing south-westward towards the northern one of the two 
breaches in the western mountainous boundary; and lastly, again 
without any ridge, it flows towards the southern breach in these same 
mountains. Hence the surface of this one basin-like plain, appearing 
to the eye so level, has been modelled with great nicety, so that the 
drainage, without any conspicuous watersheds, is directed towards 

♦ Or 2690 feet above the sea, as measured barometrically by Mr. Eclc. This 
tuff appears to the eye nearly pure , but when placed in acid it leaves a consider- 
able residue of sand and broken crystals, apparently of feldspar. Dr. Meyen 
(Heise, Tb. 1. s. 269) says, be found a similar substance on the neighbouring bill 
of Dominico (and 1 found it also on the Cerro Blanco), and he attributes it to the 
weathering of the stone. In some places which 1 examined, its bulk put this 
view of its origin quite out of question ; and 1 should much doubt whether the 
decomposition of a porphyry would, in any case, leave a crust chiefly composed of 
carbonate of lime. The white crust, which is commonly seen on weathered feld- 
spathic rocks, does not appear to contain any free carbonate of lime. 

•f The plain of S. Fernando has, according to MM. Meyen and Gay (Reise, &c. 
Th. 1. 8. 296 and 298), near tlie Cordillera, an upper steo-fbrmed plain of clay, on 
the surface of which they found numerous blocks of rocks, from two to three feet 
long, either lying single or piled in heaps, but all arranged in nearly straight linos. 
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throe openingii io Uie encirclinc mouiiUint.* Thd ttfeiMM Sowing 
from tlw three southern basin- liSe plaiiMK» allor F^Siig ihfough the 
broaches to the west, unite anti form the iiv<Mr flapeli wInMDb enlem 
the Pacific near Navidad* I followed the iOuUiemmoil biaoch of 
this river, and found that the basin or plain Fetfnando is con- 
tinuously and smoothly united wiUi tlioae plaps, whicli were de- 
sorihtHl in the second chapter, as being worn near ihe cotit Into iuoces- 
sive cave-eaten e&iearprnetttK, and slili nearer to the eoail| as being 
strowed with iipruist^ rec^yiit marine remains^ 

I might have given descriptions of numerous other pl|iu$ of the 
same general form, some at the foot of the Cordillera, some near the 
eimt. and some half-way lietwecn lliose points* I will allude only 
to one other, namely, the plain of t's|ia!lata, lying on tlie eastern or 
oj){)Osito side of the (A^rdulcra, Wtween that gn?at mngn and the pa- 
ralh l%>wi r range of Uspallata* Acconliiig to Miers, ita surface is 
ftvt above the level of the sea : it is from ten to fifteen miles in 
width, and is »aid to extend with an unbroken aurfaco for IHO miles 
m^rthwunls : it is <lraint?d by two rivers passing thnmgh breaches in 
the mountains to the ea>‘t. <.>ii the banks of the K. Mendoflca it is 
seen to bo compcHod of a great acctiiinilation of stratified stiingle, 
estimated at 400 feet in tliickncss. In general apjiearance, and in 
miineruus points of structure, this plain cloaely reseiublcci thuso of 
Chile. 

The origin and manner of formation of tlie thick beds of gnivel, 
sandy clay, volcanic detritus, and calcareous tuff, composing these 
basin- like [)lains, is very important ; l>ecauso, as wo shall presently 
show, they send arms or fringes far up the main valleys of the Cor- 
dillera. Many of the inhabitants believe that tliesc plains were once 
occupies! by lakes, suddenly draine<l ; but I conceive that the number of 
the separate brtaches at nearly the same level in the mountains^ sur- 
n>uuding them, quite |>rccludes this idea* Had not such distinguislicd 
naturalists as MM. Meycn and Gay stated their belief that these 
deposits were left by great debacles rushing down from Uie Cordillera, 
I should not have notice<i a view, which ap{>ears t 04 iie from many 
reasons improbable in the highest degree, — nanioly, from the vast 
accumulation of weli roundefl — their frequei^ airatification 

with layers of sand, — tho overlying Ijcds of cidcaxeoua tuff,— this 
same Bubstance coating apd uniting tli© fragments of rock on tho 
hummocks in the plain of Santiago, — and lastly even, from the worn, 
rounde<i, and much denuded state of these hummocks, and of the 
iieadlands which project from the surrounding mountains* On the 
other band, these several circumstances, as well as the continuous 
union of the basins at the foot of the Cordillera, with the great plain 
of the Rio Hapel which still retains tho marks of sea-action at various 
levels, and their general similarity in form and composition with the 
many plains near the coast, which are either similarly marked or are 

Capt. Herbert's account of the Diluvium of tbs Himalaya 
(Gleannig 8 of Science, Calcutta, voi. ii. p. 164 ), that precUety almilar remarka 
apply to the drainage of the plains or valleys between those great mountains. 
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strewed with upraised marine remains^ fully convince me that the 
mountains bounding these basin-plains were breached, their islet-like 
projecting rocks worn, and the loose stratified detritus forming their 
now level surfaces deposited, by the sea, as the land slowly emerged. 
It is hardly possibly to state too strongly the perfect resemblance in 
outline between tikese basin-like, long, and narrow plains of Chile, 
(especially when in the early morning the mists hanging low repre- 
sented water,) and the creeks and fiords now intersecting the southern 
and western shores of the continent. We can on this view of the 
sea, when ihe land stood lower, having long and tranquilly occupied 
the spaces betw^een the mountain-ranges, understand, how the boun- 
daries of the separate basins were breached in more than one place ; for 
we see that this is the general character of the inland bays and chan- 
nels of Tierra del Fuego ; we there, also, see in the sawing action of 
the tides, which flow with great force in the cross chann^, a |X>wer 
sufficient to keep the breaches open as the land emerged. We can 
further see that the w^ves would naturally leave the ' smooth bottom 
of each great bay or channel as it became, slowly converted into land, 
g(3ntly inclined to as many points as there were mouths, through 
wliich the sea finally retreated, thus forming so many water-sheds, 
without any marked ridges, on a nearly level surface. The absence 
of marine remains in these high inland plains cannot be properly 
adduced as an objection to their marine origin ; for we may conclude, 
from shells not being found in the great shingle beds of Patagonia, 
though copiously strewed on their surfaces, and from many other 
analogous facts, that such deposits arc eminently unfavourable for the 
embedment of such remains; and with respect to shells not being 
found strewed on the surface of these basin-plains, it was shown in 
tho last chapter that remains thus exposed in time decay and dis- 
appear. 

I observed some appearances on the plains at the eastern and oppo- 
site foot of the Cordillera which are worth notice, as showing that the 
sea there long acted at nearly tho same level as on the basin-plains of 
Chile. The mountains on this eastern side are exceedingly abrupt ; 
they rise out of a smooth, talus-like, very gentle, slope^ from five to 
ten miles in width, (as represented in the following diagram), entirely 

No. 13.— SECTION OF THE PLAIN AT THE EASTERN FOOT OP THE CHILIAN 

CORDILLERA. 


Cordillera. Tolus-plaln. I^evel surface^ Gravel 

2700 feet above sea. terracea* 

composed of peifectly rounded pebbles, often white-washed with an 
aluminous substance like decomposed feldspar. This sloping plain or 
talus blends into a perfectly flat space a few miles in width, composed 
of reddish impure clay with small calcareous concretions as in the 
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6m wMfo mnA wtili iiiuJl iH»bbki in l(iyori,~ 
msAisit ij»$ aboTe inaitioiied white alttminotti eaftti/aU ii)iefalmtifi«d 
tngetticr. Thb flat tfinee rans m far aa Mendoea^ iliiiiy miles north* 
wiid^ and staiuhi nndwbly at about the same hdght, tiamitly, 2700 
feet (Peathuid and Miers) above the sea. To iffe east it is funded 
by an eacajrpmenti eighty feet in height, running for many miles north 
and south, and composed of perfectly round pebbles, and loose, white- 
warfied, or etnbedd^ in the aluminous earth ; behind this escarymient 
there is a second and stmilar one of gravel. Northward of Mendosa, 
these escarpments become brokos and quite obliterated ; and it does not 
ap|>ear that they oveqr enclosed a lake-dike area : I conclude^ therefore, 
tliat they were formed by the sea, when it reached the foot of the 
Cordilieim, like the simuar escarpments occurring at so many points 
on the coasts of Chile and Patagonia. 

The talus«like plain slopes op with a smooth surface into the ^reat 
dry valleys of the Cordillera. On each hand of the PortiUo valley, 
ilie mountains are formed of red granite, mica- Hate, and basalt, which 
all have sufTered a truly astonishing amount of denudation ; the gravel 
in the valley, as well as on the talus-like plain in front of it, is com- 
posed of these rocks ; but at the mouth of the valley, in the middle, 
(height probably about 3o00 feet above the sea,) a few small isolated 
hillocks of several varieties of porphyry project, round whicli, on all 
sides, smooth and often white-waslicil pebbles of these same porphy- 
ries, to the exclusion of all others, extend to a circumscribed distance. 
Now, it is difficult to conceive any other agency, except the quiet and 
long- con tinmd action of the sea on these YuUocks, which could have 
rounded and white-washed the fragments of poq)byry, and caused 
them to radiate from such small and quite insigniheant centres, in the 
midst of that vast stream of stones which has descended from the 
main Cordillera. 

Slopinrf UrraccBof Grmtl in the Valient of the Cordillera* — All the 
main valleys on both Banks of the Chilian Cordillera have formerly 
had, or still have, their bottoms filled up to a considerable thickness 
by a mass of rudely stratified shingle. In central Chile, the greater 
part of this mass has been removed by the torrents ; cliff- bounded 
fringes, more or less continnous, being left at corresponding heights on 
botli sides of the valleys.. Those fringes, or as they may bo called 
terraces, have a smooth surface, and as tlie valleys rise, they gently 
rise w ith them : hence they are easily irrigated, and afford great faci- 
lities for the construction of the roads. I^rom their uniformity, they 
give a remarkable character to the scenery of these grand, wild, broken 
valleys. In width, the fringes vary much, sometimes being only 
broad enough for the roads, add 8oirietimo& expanding into narrow 
plains. Their surfaces, besides gently rising up the valley, are slightly 
inclined towards its centre in such a manner, as to show that the 
whole bottom must once have been filled up with a smooth and 
slightly concave mass, as still arc the dry unfurrowed valleys of 
northern Cliilo, Where two valleys unite into one, tlieso terraces are 
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particularly well exhibited, as is represented in the following (liagrain. 

No. 14.— OROUND-PLAN OF A BIFURCATIVO VALLEY IE THE COROILLERA, 
DOROBRBD BY SMOOTH, SLOPING GRAVEl/«FRlNOES (A A A), WORE 
ALORO THB COURSE OP TUB RIVER INTO CLIFFS. 



The thickness of the gravel forming tliese fringes, on a rude average, 
may be said to vary from thirty to sixty or eighty feet ; but near the 
mouths of the valleys it was in several places from 200 to 300 feet. 
The amount of matter removed by the torrents has been immense ; 
yet in the lower parts of the valleys the terraces have seldom been 
entirely worn away on either side, nor has the solid underlying rock 
been reached: higher up the valleys, the terraces have frequently 
been removed on one or the other side, and sometimes on both sides ; but 
in this latter case they re-appear after a short interval on the line, 
which they would have held had they been unbroken. Where the 
solid rock lias been reached, it has been cut into deep and narrow 
gorges. Still higher up the valleys, the terraces gradually become 
more and more broken, narrower, and less thick, until, at a iieight of 
from 7000 to 9000 feet, they become lost, and blended with the piles of 
fallen detritus. 

I carefully examined in many places thfe state of the gravel, and 
almost everywhere found the pebbles equally and perfectly rounded, 
occasionally with great blocks of rock, and generally distinctly strati- 
fied, often with parting seams of sand. The pebbles were sometimes 
coated with a white aluminous, and less frequently with a calcareous 
crust. At great heights up tho valleys, the pebbles become less 
rounded; and as the teiraces become obliterated, the whole mass 
passes into the nature of ordinary detritus. I was repeatedly struck 
with the great difference between this detritus high up the valleys 
and the gravel of the terraces low down, namely, in the greater num- 
ber of the quite angular fragments in the detritus, — in the unequal 
degree to which tho other fragments have been rounded, — in the 
quantity of associated earth, — in the absence of stratification, — and in 
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tlio imgiilariiy of the upper «urfiu^ Thii iithmm wm likewi«o 
wdl nhown mi poiuta low dowit the trmlleyii^ wtioi^ priKdpttoiim imirine^ 
cuUiiig througlt tnountmins of highly cotouied look, hmvo thrown 
down wide, fmn*«ba})ed accumulmiioni of dolrititm on Uie terrmcem : in 
much cmaem, the lino of se^uiTmiion b^ween the dalriium mad the terrmce, 
could be pointetl out to witliin mn inch or two; the detritui eonaliiiing 
entirely of angular and only parttmlly landed ftmgmenta of the ac^otn* 
ing coloured rock;« ; the stratified mhingle (mm i mmeertmined by doee 
inspection, esjiecially in one emre, in the Tmlley of the K, Mendoxm) 
containing only m small proportion of theme firngmontSf and those few 
well roundtHl, 

I particularly attended to the appemrmnoe of the terraeee where 
the valleys made abrupt mnd ocmaiderable bends, but 1 isould per* 
ceive no difference in tbeir minieiitre: they followed the bends with 
their usual nearly e<|uable inclination. I observed, also, in several 
valleys, that wlierevcr large blocks of any rock l>ccame numerous, 
either on the surface of the terrace or emb^ded in it, this rock soon 
app<*ared higher up in situ : thus I have noticed blocks of |H)rphyry, 
of andesitic »yenit€% of porphyry and of syenite, alternately l>ocoming 
numerous, mnd in each case succeeded by mountains thus constituted. 
There is, however, one remarkable exception to this rule ; for along 
tlMj valley of the Cachapual, M. Gay found nnmerous large blocks of 
white granite, which docs not occur in the neighbourhood: I ol>- 
aorved these bliKjks, as well as others of andi^itic syenite, (not iHJCur- 
riiig here in situ), near the baths of Cauqtienes at a height of b<*tw'ecii 
200 and 800 feet above the river, and therefore quite alM>ve the ter* 
raw or fringe which borders that river ; some miles higher up tlic 
valley tlierc were other blocks at alK>ut the i^anie height : I also no* 
tice<J, at a less height, just above the terrace, blocks of porphyries 
(a])parently not found in the immediately imiiending mountains), 
arranged in rude lilies, as on a Ha-lH‘ach. All these bh>cks worn 
roufubd, and though large, not gigantic, like the trae erratic boulders 
of PaUigoiiia and Fuegia. M. Gay I states that granite does not 
occur in situ within a distance of twenty leagues ; 1 suspect, for 
several reasons, that it will ultimately bo found at a much less dis- 
tance, tlomgh certainly not in the immediate neighlmurhood. The 
boulders found by MM.'Meyen and Gay on the iipjier plain of S. 
Fernando (iiumtioned in ;v previous noUO probably belong to this same 
clans of ]>henoinena. 

These fringes of stratified gravel occur along all the great valleys 
of the Cordillera, as well as along their main branches ; they aro 
strikingly dcvelopeil in tlie valleys of the Maypii, Mendos^, Aconcagua, 
Cachapual, and, according to Meycn,t in the Tinguirica. In the 
valleys, however, of northern Cliilc, and in some on the eastern flank 
of the Cordillera, os In the Portillo Valley, where streams have nevor 

♦ Aiinal«« (lea Hcienc, Ntit. (I, series, tom. 20), M# Osy, at I wa* iofontied, 
penelraled tho Cordillera by the great obliqne valley of Los Cupresso«» t«d not 
by the moat direct line. 

t Ueise, &c. l b. I. k. 3^>2. 
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flow^ or aro quite insigniBcant in volume, the presence of a mass of 
airati6ed gravel can be inferred only from the smooth, slightly concave 
form of the bottom. One naturally seeks for some explanation of so 
g^eral and striking a phenomenon; that the matter forming the 
tnnges along the vaUe^s, or still filling up their entire beds, has not 
fallen from the adjoining mountains like common detritus, is evident 
from the complete contrast in every respect between the gravel and 
the piles of d^ritua, whether seen high up the valleys on their sides, 
or low down in front of the more precipitous ravines ; that the matter 
has not beenMeposited by debacles^ even if we could believe in de- 
bacles having rushed dowu etery valldy, and all their branches, east- 
ward and westward from the central pinnacles of the Cordillera, we 
must admit from the following reasons, — from the distinct stratifica- 
tion of the mass, — its smooth upper surface, — ^the well-rounded and 
sometimes encrusted state of the pebbles, so different from the loose 
debris on the mountains, ir-and especially from the. terraces preserving 
their uniform inclination round the most abrupt bends. To suppose 
that as the land now stands, the rivers deposit^ the shingle along the 
course of every valley, and all their maiu branches, appears to me 
preposterous, seeing that these same rivers not only are now removing 
and have removed much of this deposit, but are everywhere tending 
to cut deep and narrow gorges in the hard underlying rocks. 

I have stated that these fringes of gravel, the origin of which are 
inexplicable on the notion of debacles or of ordinary alluvial action, 
are directly continuous with the rimilarly-composed basin-like plains 
at the foot of the Cordillera, which, from the several reasons before 
assigned, 1 cannot doubt were modelled by the agency of the sea. 
Now if we suppose that the sea formerly occupied the valleys of the 
Chilian Cordillera, in precisely the same manner as it now does in the 
more southern parts of the continent, where deep winding creeks 
penetrate into the very heart of, and in the case of Obstruction Sound 
quite through, this great range ; and if we suppose that the mountains 
were uprai^ in the same slow*manner as the eastern and western 
coasts have been upraised within the recent period, then the origin 
and formation of these sloping, termce-like fringes of gravel can be 
simply explained. For every part of the bottom of each valley will, 
on this view, have long stood at the head of a sea-creek, into which 
the then existing toxteuts will have delivered fragments of rocks, 
where, by the acuon of the tides, tliey will have been rolled, sometimes 
encnidted,t Tudely stratified, and the whole surface levelled by the 
blending tegethoi: of the successive beach-lines.* As the land rose, 
the toxteuts in every valley will have tended to have removed the 

* Sloping teirrecef of prectsaly’iimiUr structure have been described by me 
(Pbilosopb. Transactions, l8dD^ p. 58) in the valleys of Lochaber in Scotland, 
where*, at higher levels, the parallel roads of Glen Roy show the marks of the long 
and quiet residence of the sea. 1 have no doubt that these sloping terraces would 
have been present in the valleys of most of the European ranges, had not every 
trace of them, and all wrecks of sea-acUon, been swept away by the glaciers 
which have since occupied them. 1 have shown that this, is the case with the 
mountains (f;ondon snd Edin. Phil. Journal, vol. xxi. p. 187) of North Wales, • 
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mftltet Whkli just bsfoit had been armted on, or nwr, tho beach- 
ttnca; the tomn^ abO| hating continued to gain in finoo the con* 
themed etotaiiofi inereaanig their total deaoentlrom their aonroea to the 
•ea. Itiia dow rimng of the CordiUera^ which expfauna eo well the 
otherwtee inexplicahle origin and stmettiie A the terraces, judging 
from all known analogies, will probably hare been interrupted by 
many periods of rest ; but w*e ought not to expect to find any evidence 
of these periods, in the structure of the mvel-terraces ; for, as the 
Waves at the heads of deep creeks have little erosive power, so the 
only offeot of the sea having long remained at tiie same level, will be 
that the upper parts of the creeks will have become filled up at such 
periods to the level of the water with gravel and sand ; and that after- 
wards the rivers will have thrown down on the filled up parts a talus 
of similar matter, of which the inclination (as at the head of a par- 
tially filled up lake) will have been dotermin^ by the supply of detri- 
tus, and the force of the stream.* Hence, after the final conversion 
of the creeks into valleys, almost the cmly difference in the terraces at 
those points at which the sea stood long, will be a somewhat more 
gentle inclination, with river- worn instead of sea- worn detritus on the 
surface. 

I know of only one difficulty on the foregoing view, namely, the 
far- transported blocks of rock liigh on the sides of the valley of the 
Cachapual : I will not attempt any explanation of this phenomenon, 
but I may state my belief that a mountain-ridge near the Baths of 
Cauquencs has bcin upraised long subsequently to all the other 
ranges in the neighbourhood, and that when this was effected the 
whole face of the country must have been greatly altered. In 
the course of ages, moreover, in this and other valleys, events may 
have occurred like, but even on a grander scale than, that described 
by Molina, t when a slip during the eartliquako of 1702, banked up 

* I hare attempted to explain this pmceea io a more detailed manner, in • 
letter to Mr. Maclaren, publiabed in the Kdtoburgb New Phil. Journal, vol. xxxr. 

p. - 288 . 

t C'ompendio de la Hi»t. &c. &c, t. 1, p. 30. M. Brogniart, in hit report on 
M. G8 j'» lal>ours (Annales dea Sciences, 1833) conaiderf that the boulders in the 
C'acbapual, belong to tbo tame clast with the erratic boolders of Europe, At tbe 
blocks which 1 taw are not gigantic, and etpeciallj as tbey are not angular, and 
at they hare not been traAt))orted fairlv acroat low apsees or wide valmys, I am 
unwilling to data them with those, which, tmth in the northern and aouUiem 
bemitphere^ (Geolog. Trausae. rol. ri. p. 415), bare been trantporfed by ice. It 
it to be hoped, that when M. Gar*t long* continued and admirable labonrt In 
Chile are published, more light will be thrown on this subject. Howerer, the 
boulders may hare been primarily transported ; tbe final position of those of 
porpbyr)’, which hare been described as arranged at the foot of ths mountain in 
rude lines. I cannot doubt, has been due to tbe*setiofi of waves on H bsseb. Ths 
valley of the Cachapual , in the part where tbe bouldeis ooour, bursts through the 
high ridge of Cau(|uenes. which funs parallel to, but at somedlitanos fiom, the 
Cordillera. This ridge bas been subjected to excessire violence; trschytic lava 
has burst from it, and hot springs yet fiow at its bass* fieeiiMf Ike SAormons 
amount of denudation of solia rock io tbe upper and moeb broader pills of this 
valley where it enters tbe Cordillera, and seeing to what extent the ridge of 
Cautjuenes now protects the great range, I could not help belong (as sHuded 
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for ten days the ^eat river l4ontii4« whtcb then borstiog its barrier 
^^nundated the whole country/* and doubUees traneported many great 
fragments of rock. Finally» notwithstanding this one case of diffi- 
culty^ I cannot entertain any doubts that these terrace-like fringes, 
which are continuouslyninited with the basin-shaped plains at the foot 
of the Cordillera^ ^ve been formed by the arrestment of river-bome 
detritus at successive levels, in the same manner as we see now taking 
place at the heads of all those many, deep, winding fiords intersecting 
the soutberrif coasts. To my mind, this has been one of the most 
important c^clnsioM to which my observations on the geology of 
South America have led me ; for we thus learn that one of the grandest 
and most symmetrical mountain-chains in the world, with its several 
parallel lines, ^ have been together uplifted in mass between 7,000 
and 9,000 feet, in the same gradual manner as have the eastern and 
western coasts within the recent period. 

formation of V alley 

The bulk of solid rock which has been removed in the lower parts 
of the valleys of the Cordillera has been enormous : it is only by re- 
flecting on such cases as that of the gravel beds of Patagonia, cover- 
ing so many thousand square leagues of surface, and which if heaped 
into a ridge, would form a mountain-range, almost equal to the 
Cordillera, that the amount of denudation l^omes credible. The 
valleys within this range, often follow anticlinal but rarely synclinal 
lines ; that is, the strata on the two sides more often dip from tlie line 
of valley than towards it. On the flanks of the range, the valleys 
most frequently run neither along anticlinal nor syndinal axes, but 
along lines of flexure or faults ; that is, the strata on both sides dip 
in the same direction, but with different, though often only slightly 
different, inclinations. As most of the nearly parallel rid^ which 
together form the Cordillera run approximately north and south, the 

to in the text) that tbit ridge with its Vtobytio eruptions bad been thrown np at 
a much later period than the Cordillera. If this has been tbe case^ the boulders, 
tiler having been transported to a low lerel by tbe torrents (which exhibit in 
every valley proofs of their power of moving great fragments), may have been 
raised up to their present height, with tbe land on wbjph they rested. 

* 1 do not wish to affirm that all the lines have been uj^ifted qnite equally ; 
slight differences in the elevation would leave no perceptible effect on tbe terraces. 
Xt may, however, be inferred, perhaps with one exception, that since tbe period 
when the sea occupied these valleys, the several ranges have not been dislocated 
by great and ahragt faults or upheavals ; for if such had occurred, the terraces of 
gravel at these points would not hsve b^o continuous. The one exoeptioii is at 
tl^ lower end of a plain in the Valle del Yeeo (a branch of the Maypu), where, at 
a great Wght, the terraces and valley appear to have been broken through by a 
line of upheaval, of which the evidence is plain in the adjoining mountains^ this 
dislocation, perhaps, occurred efter the elevation of this part of the valley alxive 
the level of the sea. The valley here is almost blocked ip by a pile about 1000 
feet in thickness, formed, as ktr is I could judge from thrae sides, entirely, or at 
least in chief part, of gravel and detritnew On the south side, the river has cut 
quite through this mass ; on the northern side, and on the very summit, deep 
ravines, parallel to the line of the valley, are worn, as if tbe drainage frc^ the 
valley above had paased by these two lines before flowing its present course. • 

F 2 
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mti wbA valleys eioss tbeoi in xig-xag lilies^ buntiDg through 
the points where the strata have been least inclm^. No doubt the 
greater part of the denudation was affected at the periods when tidal 
creeks occupied the valleys, and when the outer flioiks of the moun- 
tains were exposed to the full force of an opent)C6an« I have already 
aUoded to the |>ower of the tidal action in the channels connecting 
great bays ; and I may here mention that one of the surveying ves- 
sels in a channel of this kind, though under sail^ was whirled round 
and round by the force of the current. We shall hereafter see, that 
of tlie two main ridges fonniiig the Chilian Ccydillera,* tlie eastern 
and loftiest one, owes the greater part of its angular upheaval to a 

K riod subsequent to the elevation of the western ridge ; and it is 
Lewise probable that many of tlie other parallel ridges have been 
angularly upheaved at different periods; consequently many parts of 
the surfaces of these mountains must formerly have been exposed to 
the full force of the waves, which, if the Cgrdillera were now sunk 
into the sea, would be protected by parallel chains of islands. The 
torrents in the valleys certainly liavc great power in wearing the 
rocks ; as could be told by the dull rattling sound of the mauy frag* 
meiits night and day hurrying downwards ; and as was attested by 
the vast size of certain fragments, which I was assured had been 
carried onwards during floods ; yet wo have seen in the lower ^larts of 
the valleys, that the torrents have seldom removed all the sea- 
checked shingle funning the terraces, and have had time since the last 
elevation in mass only to cut in the underlying rocks, gorges, deep 
and narrow, but quite insignificant in dimensions compared with the 
entire width and depth of the valleys. 

Along the sliorcs of the Pacific, I never ceased during my many 
and long excursions to feel astonislred at 8C*eing every valley, ravine, 
and even little inequality of surface, both in the hard granitic and 
soft tertiary districts, retaining the exact outline, which they had 
when the »«.'a left their surfaces coaUfd with organic remains. When 
these remains shall have <lecayed, tlibro will be scarcely any difference 
in ajq^caranco l>otwecn tins line of coast land and most other coun- 
tries, which we are accustomed to believe have assumed their prtv 
strut features chiefly tl^rough the agtmcy of the weather and fresh- 
water streams. In the old granitic districts, no doubt it would be 
rash to attribute all tfic nuMlifications of outline exclusively to the 
sea-action ; for who can say liow often this lately submerged coast 
may not previously have existed as land, worn by running streams 
and washed by rain ; this source of doubt, however, does not apply 
to the districts superficially forme<l of the modern tertiary deposits. 
The valh‘ys worn by the sea, through Uie softer formations, both on 
the Atlantic and Pacific sides of the conttncrit., ate generally broad, 
winding, and nat-l>ottorned : the only district of this nature now 
[lenetrated by arms of the sea, is the island of Chiloe. 

finally, the conclusion at which I have arrived, with respect to the 
relative powers of rain and sea water on the lend, is, that the latter 
i^ far the most efficient agent, and that its chief tendency is to widen 



CHAP. III.]] 8UPERFIC%L SALINE DEPOSITS. 69 

the valleys ; whilst torrents and rivers tend to deepen them, and to 
remove the wreck of the sea's destroying action. As the waves have 
more power, the more open and exposed the space may be, so 
will they always tend to widen more and more the months of valleys 
compart with their n|>per parts : hence, doubtless, it is, that most 
valleys expand at their mouths, — that part, at which the rivers 
flowing in them, generally have the least wearing power. 

When reflecting on the action of the sea on the land at former 
levels, the effect of the great waves, which generally accompany 
earthquakes, must not be overlooked : few years pass without a 
severe earthquake occurring on some part of the west coast of South 
America ; and the waves thus caused have great power. At Con- 
cepcion, after the shock of 1835, I saw large slabs of sandstone, one 
of which was six feet long, three in breadth and two in thickness, 
thrown high up on the beach ; and from the nature of the marine 
animals still adhering tOoit, it must have been tom up from a consi- 
derable depth. On the other hand, at Callao, the recoil-wave of the 
earthquake of 174)6 carried great masses of brickwork, between 
three and four feet square, some way out seaward. During the 
course of ages, the effect tlius produce<l at each successive level, 
cannot have been small ; and in some of the tertiary deposits on this 
line of coast, I observed great boulders of granite and other neigh- 
bouring rocks, embedded in fine sedimentary layers, the transportal of 
which, except by the means of earth quake- waves, always appeared to 
me incxpliciible. 


Superficial Saline Deposits, 

This subject may be hero conveniently treated of : I will begin 
with the most interesting case, namely, the superficial saline beds near 
Iquique in Peru. The porphyritic mountains on the coast rise abruptly 
to a height of between 1,900 and 3,000 feet : between their summits 
and un mland plain, on which the celebrated deposit of nitrate of soda 
lies, there is a high undulatory district, covered by a remarkable 
superficial saliferous crust, chiefly composed of common salt, either in 
white, hard, opaque nodules, or mingled with sand, in this latter case 
forming a compact sandstone. This saliferous superficial crust ex- 
tends from the edge of the coast-escarpment,, over the whole face of 
the country ; but never attains, as I am assured by Mr. Bollaert, 
(long resident here) any great thickness. Although a very slight 
shower falls only at intervals of many years, yet small funnel-sloped 
cavities show that the salt has been in some parts dissolved.* In 
several places I saw large patches of sand, quite moist, owing to the 
quantity of muriate of lime (as ascertained by Mr. T. Reeks) con- 
tained in them. From the compact salt-cemented sand being either 

* It is singular how alowlj, according to the observations of M. Cordier on the 
salt-mountain of Cardona in Spain (Ann. des Mines, Transl. of Geolog. Mem. by 
Delabeche, p. 60), salt is dissolved, where the amount of rain is supposed to be as 
much as 31 '4 of an inch in the year. It is calculated that only five feet in thick- 
ness is dissolved in the course of a century. 
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red^ Burpliriit or yeltow^ according to the colour of the rocky strata on 
whicn it rested^ I imagined that thia^ substance bad probably been 
dofiyed through common alluvial action from the layers of salt which 
occur interstratified in the surrounding mounUins : but from the in- 
teresting details given by iL d*Orbigny» and nom Ouding on a fresh 
examination of this agglomerated sand, that It is not irregularly 
cemented, but consists of thin layers of sand of difierent tints of colour, 
alternating with excessively fine parallel layers of salt, I conclude that 
it is not (H alluvial origin. M. aOrbigny f olmerved analogous saline 
beds extending from Cobija for five degrees of latitude northward, and 
at heights varying from 600 to 900 feet : from finding recent sea-shells 
strewed on these saliferous beds, and under them, great, well-rounded 
blocks, exactly like those on the existing beach, ho believes that the 
salt, which is invariably superficial, has been left by the evaporation of 
the sea- water. This same conclusion must, I now believe, bo extended 
to the superficial saliferous beds of Iquiquo,* though they stand about 
3,000 feet above the level of the sea. 

Associated with the salt in the superficial beds, there are numerous, 
thin, horizontal layers of impure, dirty-white, friable, gypseous and 
calcareous tuffs. The gypseous beds are very remarkable, from 
abounding with, so as sometimes to be almost compose<i of, irregular 
concretions, from the size of an egg to that of a man’s head, of very 
bard, compact, heavy gyy)sum, in the form of anhydrite. This gyp- 
sum contains some foreign particles of stone ; it is stained, judging 
from its action with borax, with iron, and it exhales a strong alumi- 
nous odour. The surfaces of the concretions arc marked by sharp, 
radiating, or bifurcating ridges, as if they had hoeii (hut not really) 
corroded : internally they are penetrated by branching veins (like 
those of calcareous spar in the septaria of tlie J^ndon clay) of pure 
white anhydrite. These veins might naturally have been thought to 
have been formcfl by subsequent infiltration, had not each little em- 
bedded fragment of rock bwn likewise edged in a very remarkable 
manner by a narrow border of the same white anhydrite : this shows 
that the veins must have been fonned by a process of segregation, and 
not of infiltration. Some of the little included and craacea fragments 
of foreign rock are poKCtrated by the anhydrite, and portions have 
evidently been thus mechanically displaced ; at St. Helena, 1 observed 
that calcareous matter, deposited by rain-water, also bad the power 
to separate small fragments of rock from tlie larger masses*! I believe 
the sui>€rficial gypseous deposit is widely extended : I received speci- 

♦ Journal of Researches, p. 444, first edit. 

t Voyage, &c. p. 102. M. d’Orbigny found thU deposit intersected. In manr 
places, by deep ravines, in which there was no*salt. Streams must once, though 
hlatorically unknow’n, have flowed in thomi and M. d'Orhigny srgues from the 
pr#-Bonce of undtssolved salt over the whole surrounding country, that the etreams 
must have arisen from rain or snow having fallen, not in the adjoining country, 
hut on ibe now arid Cordillera. I may remark, that from having observed ruins 
of Indian V>uilding8 in absolutely sterile parts of the Cbitian Cordillera (Journal, 
2ad edit. p. 357), I am led to believe that the climate, St a time when Indian 
man inhabited this part of the continent, was in some slight degree more humid 
than it is at present. j Volcanic Islands, «<c. p. 87. 
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mens of it from Pisagua, forty miles north of Iquiquo, and likewise 
from Arioa, whereat coats a layer of pure salt. M. d’Orbigny * found 
at Cobija a bed of clay, lying above a mass of upraised recent shells, 
which was saturated with sulphate of soda, and included thin layers 
of fibrous gypsum. These widely extended, superficial, beds of salt 
and gypsum, appear to mo an interesting geological phenomenon, 
which could be presented only under a very dry climate. 

The plain or basin, on the borders of which the famous bed of 
nitrate of scria lies, is situated at the distance of about thirty miles 
from the sea, being separated from it by the saliferous district just 
described. It stands at a height of 3,300 feet ; its surface is level, and 
some leagues in width ; it extends forty miles northward, and has a 
total length (as I was informed by Mr. Belford Wilson, the Consul- 
General at Lima) of 420 miles. In a well near the works, thirty-six 
yards in depth, sand, earth, and a little gravel were found : in another 
well, near Almonte, fifty yards deep, the whole consisted, according 
to Mr. Blake, t of clay, including a layer of sand two feet thick, 
which rested on fine gravel, and this on coarse gravel, with large rounded 
fragments of rock. In many parts of this now utterly desert plain, 
rushes and large prostrate trees in a hardened state, apparently Mimo- 
sas, arc found buried, at a depth from three to six feet ; according to 
Mr, Blake, they have all fallen to the south west. The bed of nitrate 
of soda is said to extend for forty or fifty leagues along the western 
margin of the plain, but is not found in its central parts : it is from 
two to three feet in thickness, and is so hard that it is generally 
blasted with gunpowder ; it slopes gently upwards from the edge of 
the plain to between ten and thirty above its level. It rests on 
sand in which, it is said, vegetable remains and broken shells have 
been found; shells have also been found, according to Mr. Blake, both 
on and in the nitrate of soda. It is covered by a superficial mass of 
sand, containing nodules of common salt, and, as I was assured by 
a miner, much soft gypseous mntter, precisely like that in the super- 
ficial crust already described : certainly this crust, with its character- 
istic concretions of anhydrite comes close down to the edge of the 
plain. 

The nitrate of soda varies in purity in ‘different parts, and often 
contains nodules of common salt. According to Mr. Blake, the pro- 
portion of nitrate of soda varies from twenty to seventy-five per cent. 
An analysis by Mr. A. Hayes, of an average specimen, gave — 


Nitrate of Soda . . . 64*98 

Sulphate of Soda . . . 3*00 

Chloride of Soda . , . 28*69 

Iodic Salts .... 0*63 

Shells and Marl . 2*60 


99*90 

♦ Voyage (i6olog. &c. p. 95. 

t See an admirable paper, ** Geolog. and Miscell. Notices of Xarapaca/’ in 
Silliman’s American Journal, vol. xlir. p. 1. 
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The ♦♦mother water’* at eome of the refineries is very rich in iodic 
salta^ and b sup^KMied^^ to contain much muriate of lime. In an un* 
refill^ specimen, bronght honie by myself, Mr. T« Reeks has asoer* 
tained tliat the muriate of lime is very abundant. With respect to 
the origin of tbb saline mass, from the inanneW in which tlio gently 
inclined, com|>a€t bed follows for so many miles the sinuous margin of 
the plain, there can be no doubt that it was deposited from a sheet of 
water : from the fragments of embedded shells, from the abundant 
iodic salts, from the suporficial saliferous crust occurring at a higher 
level and being probably of marine origin, and from the plain resem- 
bling in form those of Chile and that of Uspallata, there can be little 
doubt that this sheet of water was, at least originally, connected with 
the sea.f 


TVjiw, suf)erjicia}^ saline incrustations : — These flaline incrustations 
are common in many parts of America: Iluinboldt met with them 
on the table-land of Mexico, and the Jesuit Falkiier and other authors J 
slate that they occur at intervals ovt?r tlio vast plains extending from 
the mouth of the Plata to Rioja and Cataimirca. Hence it is that 
during droughts most of the streams in the Pampas arc saline. I 
noNvhere met with these incrustations so abundantly as near Bahia 
Blanca : square miles of the mud-flats, which near that place are 
raised only a few’ feet above the sea, just enough to protect them from 
being overflowed, appear, after dry weatlicr, whiter than the ground 
after the thickest hoar-frost. After rain the salts disappear, and every 
puddle of water becomes highly saline; os the surface dries, the 
capillary action draws the moisture up pieces of broken earth, dead 
sticks, and tufts of grass, where the salt effloresces. The incrus‘tation, 
where thickest, does nut exceed a quarter of an inch, M. Par- 
chappe^ has analysed it ; and finds that the 8]:>ecitnens collected at the 
extreme head of the low plain, near the R. Manuelo, consist of 
ninety- three per cent, of sulphate of soda, and seven of common 
salt ; whilst the specimens taken close to tlie coast contain only 
sixty- three per cent, of the sulphate, and thirty-seven of the muriate 
of soda. This remarkable fact, together with our knowledge that 
the whole of this low’ muddy plain has been covered by the sea 


♦ Literary Garette, 1841, p, 475. 

t From an official document, shown roe by Mr. llelford Wilson, it appears that 
th*^ first export of nitrate of soda to Eurojte was lo July, 1830, on Freoeb acooudt, 
in a Brititth ship : — 




(juinttls. 

1830, the entire export was 

. 17,300 

1831, 

► tt • 

40,885 

1832, 

♦ M 

61,400 

183.3, 

• M 

01,335 

1834, 

» »» * 

. 149,538 


t Aznra ( I rnviila, voL i. p. 55) considers that the Parana is the eastern 
boundary of the saliferous region; but 1 beard of salitrales** in the Province 
of Em re Kiog. 

^ M. d’Orbigny’s Voyage, &c. Part. Hist. torn. i. p. 554. 
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\s^ithin the recent period, must lead to the suspicion that the common 
salt, by some unknown process, becomes in time changed into the 
sulphate. Friable calcareous matter is here abundant, and the case 
of the apparent double decomposition of the sliells and salt on S. 
Lorenzo, should not be forgotten. 

The saline incrustations, near Bahia Blanca, are not confined to, 
though most abundant on, the low muddy flats ; for 1 noticed some 
on a calcareous plain between thirty and forty feet above the sea, and 
even a little occurs in still higher valleys. Low alluvial tracts in the 
valleys of the rivers Negro and Colorado are also encnisted, and in 
tlie latter valley sucli spaces appeared to be occasionaUy overflowed 
by the river. I observed saline incrustations in some of the valleys 
of southern Patagonia. At Port Desire a low, flat, muddy valley 
was thickly incrusted by salts, which on analysis by Mr. T. Reeks, 
are found to consist of a mixture of sulphate and muriate of soda, 
w ith carbonate of lime and earthy matter. On the vv estern side of 
the continent, tiie soutliern coasts are much too humid for tins phe- 
nomenon ; but in northern Chile 1 again met with similar incrusta- 
tions. On tho hardened mud, in parts of the broad, flat-bottomed 
valley of Copiapo, the saline matter incrusts the ground to the thick- 
ness of some inches: specimens, sent by Mr. Bingley to Apothecaries’ 
Hall for analysis, were said to consist of carbonate and sulphate of 
soda. Much sulphate of soda is found in tlie desert of Atacama. In 
all parts of S. America, the saline incrustations occur most frequently 
on low damp surfaces of mud, where the climate is rather dry ; and 
these low surfaces have, in almost every case, been upraised above the 
level of the sea, within the recent period. 

Salt-lake^ of Patagonia and La Plata, — Salinns, or natural salt-lakes, 
occur in various formations on the eastern side of the continent, — in 
the nrgi I laceo- calcareous deposit of tlie I'ampas, in the sandstone of 
the Rio Negro, where they are very numerous, in the pumicenus and 
other beds of tlie Patagonian tertiary formation, and in small primary 
districts in the midst of this latter formation. Port S. Julian is the 
most southerly point (lat. 49° to 50®), at which Salinas are known 
to occur.* Tho depressions, in which these salt-lakes lie, are from a 
few feet to sixty metres, as asserted by 1^1. d’Orbigny,t below the 
surface of the surrounding plains ; and, according to this same author, 
near the Rio Negro they all trend, cither in N.E. and S.W. or in 
E. and W. lines, coincident with the general slope of the plain. 
These depressions in the plain '^generally have one side lower than the 
others, but there are no outlets for drainage. Under a less dry cli- 
mate, an outlet would soon have been formed, and the salt washed 
away. The salinas occur at different elevations above the sea ; they 

♦ According to Azara (Travels, vol. i. p. 56) there are salt lakes as far north as 
Chaco (lat, 25®), on the banks of the Vermejo. The salt lakes of Siberia appear 
(Pallas’s Travels, English Trans, vol. i. p. 284) to occur in very similar depressions 
to those of Patagonia. 

t V^oyage G^olog. p. 63. 
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are ofl^ several leagues in diameter ; they are generally very shallow, 
but there is a deep one in a quaria-rock formation near C. Blanco. 
In tlie wet season, the whole, or a part, of the salt is dissolved, being 
redeposited during the sucoeeding dry fpason. At this period, the 
appearance of the 8now*white expanse of salt# crystallized in great 
cubes, is very striking. In a large salina, northward of the Rio 
N^ro, the salt at the bottom, during the whole year, is between two 
and three feet in thickness. 

The salt rests almost always on a thick bod of black muddy sand, 
which is fetid, probably from the decay of the burrowing ^orros in- 
habiting it,* In a salina, situated about fifteen milos above the 
town of El Carmen on the R. Negro, and three or four miles from 
the banks of that river, I observed that this black mud rested on 
gravel with a calcareous matrix, similar to that spread over the whole 
surrounding plains : at Port S. Julian the mud, also, rested on Uie 
gravel : hence the depressions must have been formed anteriorly to, or 
contemporaneously with, the spreading out of *the gravel I was in- 
formed that one small salina occurs in an alluvisd plain within the 
valley of the Rio Negro, and therefore its origin must be subsequent 
to the excavation of that valley. When I visited the salina, fifteen 
miles above the town, the salt was beginning to crystallize, and on 
the muddy bottom there were lying many crystals, generally placed 
cross-ways of sulphate of soda (as ascertained by Mr. Recks), and 
embftddcd in the mud, numerous crj'stals of sulphate of lime, from 
one to three inches in lengtii ; M. d’Orbignyt states that some of 
these crystals are acicular and more than even nine inches in length ; 
others are macled and of great purity : those I found all contained 
some sand in tiieir centres. As the black and fetid sand overlies the 
gravel, and that overlies the regular tertiary strata, I think there can 
he no doubt that tlicso remarkable crystals of sulphate of lime havo 
been dejM>sited from tlie waters of the lake. The inhabitants call the 
crystals of selenite, the padre del sal, and those of the sulphate of 
soda, the madre del sal ; they assured •me that both are found under 
tlie same circumstances in several of the neighbouring salinas ; and 
that tlie sulphate of soda is annually dissolved, and is always crys- 
tallized before the common salt on the muddy bottom.}: The asso* 
ciation of gypsum and salt? in this case, as well as in the superficial 
deports of Iquique, appears to mo interesting, considering how 
generally these substances are associated in the older stratified for- 
mations. 

Mr. Reeks has analysed for roc soitie of the salt from the salina 
near tlie 11. Negro, ho finds it composed entirely of chloride of sodiom 
with the exception of 0.2(i of sulphate of lime, and of 0.22 of earthy 
matter ; there are no traces of ioaic salts. Some salt from the salina 

* Prof. KhrenWg examined aomo ef this muddy sand* but was unable to find 

in it any infuaoriu. 

t Geolog. p. 64 . 

t Ibiaiawhat might bare been expected ; for M. Tiallard asserts (Acad, dos 
Sciences, Oct. 7, 1H44) that sulphate of soda is precipitated from solution mors 
readily from water containing muriate of soda in excess* than from puts water. 
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Chiquitos in the Pampean formation, is equally pure. It is a singular 
fact, that the salt from these salinas does not serve so well for preserv- 
ing meat, as sea-salt from the Cape de Verd islands ; and a mer- 
chant at Buenos Ayres told me that he considered it as fifty per 
cent, less valuable. •The purity of the Patagonian salt, or ab^nce 
from it of those other saline bodies found in all sea* water, is the only 
assignable cause for this inferiority ; a conclusion wliich is supported 
by the fact lately ascertained,* that tliose salts answer best for pre- 
serving cheese which contain most of the deliquescent chlorides.t 

Witii r^pect to the origin of the salt in the salinas, the foregoing 
analysis seems opposed to the view entertained by M. d’Orbigny 
and others, and which seems so probable considering the recent ele- 
vation of this line of coast, namely, that it is due to the evaporation 
of sea- water and to the drainage from the surrounding strata im- 
pregnated with sea-salt. I was informed (I know not whether accu- 
rately) that on the northern side of the salina on the Rio Negro, 
there is a small brine spring which flows at all times of the year : 
if this be so, the salt in this case at least, probably is of subterranean 
origin. It at first appears very singular that fresh-water can often 
be procured in wells, J and is sometimes found in small lakes, quite 
close to these salinas. I am not aware that this fact bears parti- 
cularly on the origin of the salt ; but perhaps it is ratlier opposed to 
the view of the salt having been washed out of the surrounding 
superficial strata, but not to its having been the residue of sea- water, 
left in depressions as the land was slowly elevated. 

* Hort. and Agricult. Gazette, 1845, p. 93. 

t It would probably well answer for tbe merchants of Buenos Ayres (consider- 
ing the great consumption there of salt for preserving meat) to import tbe deliques* 
cent chlorides to mix with tbe salt from tbe salinas : 1 may call attention to tbe 
fact, that at Iquique, a large quantity of muriate of lime, leh in tbe mother^waier 
during the rehnement of the nitrate of soda, is annually thrown away. 

t Sir W. Parish states (Buenos Ayres, &c. p. 122 and 170) that this is tbe 
case near the great salinas westward of the S. Ventaoa. 1 have seen similar 
statements in an ancient MS. jhurney lately published by S. Angelis. At 
Iquique, where the surface i% so thickly encrusted with saline matter, 1 tasted 
water only slightly brackish, procured in a well thirty-six yards deep; but 
here one feels less surprise at its presence, as pure water might percolate under 
ground from the not very distant Cordillera. 
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Mintrulogiccl ctmMti(u(ioft- Micro8<*(fpicftl slrncturt — Buenot Ayret^ thtlh 
Mdfd in toica^rock’^B, Ay rex io the Colorado S. Ventam^ Bahia Bloncat 
M. Ihrmoto, boms and inftmria qf; P. Alta, bnne» and tf{ftmha oft 
qf the recent thelU and extinct mamm\ferth--B. Ayret io St, F^ 
Skeletons of Ma8iodoH-^]nfni(iria--It\fenor marine (ertiaiy $trata, their age 
^Horse's tooth-- IUnda Uiui niai.— 5tt;^er/ciH/ Pampean formation-^ Inferior 
tertiary gtrata, variation qff connected mthrolcamc action; Macrauchenia 
Patachonica at 6'. Julian in Patagonia, age of mbtegvent to tiring mollusea 
and to the erratic block period— Area of Pampean formatm--^ 
Theoriet of originSource of sediment— Patuary origin— Contemporaneous 
tcith existing molhtsca— Relations to underlying tertiary strata— Ancient <fe- 
pohit qf estuary oriym—Kletation and succemte deposition qf the Pampem 
formation— Number and state of the remains of mammifers ; their habit^im, 
fbod^ extinction, and range— Conclusion— Localities in Pampas at which mammi* 
ferotii remains hate been found. 


The Pam|)ean fonnation is highly interesting from its vast extent, 
its disputed origin, and from the number of extinct gigantic mam- 
mifers emlwdded in it. It lias upon the whole a very uniform cha- 
racter; consisting of a more or less dull reddish, slightly indurated, 
argillaceous earth or mud, often, but not always, including m 
horizontal lines concretions of marl, ahd frequently passing into a 
compact marly rock. The mud, whereveal examined it, even dose 
to tlic concretions, did not contain any carbonate of lime. The con- 
cretions an; generally nodular, sometimes rough externally, some- 
times stalaclifonned ; they* are of a compact structure, but often 
penetrated (as well as the mud) by hair-like serpentine caviUes, and 
occasionally with irregular h.ssures in their centres, lined with minute 
crystals of carijonato of lime; they are of white, brown, or pale 
pinkish tints, often marked by black dendritic manganese or 
iron ; they are either darker or lighter tinted than the surrounding 
niius-s; they contain mncli carbonate of lime, b»tt exhale a strong 
aluminous odour, and leave, when dissolved in acids, a large but 
varying residue, of wliicli the greater part consists of sand. These 
concretions often unite into irregular strata; and over very large 
tracts of country, the entire jnass consists of a hard, but generally 
cavernous marly rock : some of the varieties might ^ called calca- 
reous tuffs. 
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Dr. Carpenter has kindly examined under the microscope, sliced 
and polished specimens of these concretions, and of the solid marl- 
rock, collected in various places between the Colorado and St. Fe 
Bajada. In the greater number, Dr. Carpenter finds that the whole 
substance presents a iolerably uniform amorphous character, but with 
traces of incipient crystalline metamorphosis ; in other specimens he 
finds microscopically minute rounded concretions of an amorphous 
substance (resembling in siase those in oolitic rocks, but not having 
a concentric stnicture), united by a cement which is often crystalline. 
In some, Dr. Carpenter can perceive distinct traces of shells, corals, 
Polythalamia, and rarely of 8[>ongoid bodies. For the sake of com- 
parison, I sent Dr. Carj>enter specimens of the calcareous rock, 
formed chiefly of fragments of recent shells, from Coquimbo in Chile : 
in one of these specimens. Dr. Carpenter finds, besides the larger frag- 
ments, microscopical particles of shells, and a varying quantity of 
opaque amorphous matter ; in another specimen from the same bed, 
he finds the whole composed of the amorphous matter, with layers 
showing indications of an incipient crystalline metamorphosis : hence 
these latter specimens, both in external appearance and in microsco- 
pical structure, closely resemble those of the Pampas. Dr. Carpenter 
informs me that it is well known that chemical precipitation throws 
down carbonate of lime in the opaque amorphous state ; and he is 
inclined to believe that the long- continued attrition of a calcareous 
body in a state of crystalline or semi-crystalline aggregation (as, for 
instance, in the ordinary shells of inollusca, wdiich, when sliced, arc 
transparent) may yield the same result. From the intimate relation 
between all the Coquimbo specimens, I can hardly doubt tliat the 
amorphous carbonate of lime in them has resulted from the attrition 
and decay of the larger fragments of shell : whether the amorphous 
matter in the marly rocks of the Pampas, has likewise thus originated, 
it would be hazardous to conjecture. 

For convenience sake, I will call the marly rock by the name 
given to it by the inhabitants^ namely, Tosca-rock ; and the reddish 
argillaceous earth, Pampean mud. This latter substance, I may men- 
tion, has been examined for me by Professor Ehrenberg, and the 
result of his examination will be given under the proper localities. 

I will commence my descriptions at ‘a central spot, namely, at 
Buenos Ayres, and thence proceed first southward to the extreme 
limit of the deposit, and afterwards northward. The plain on which 
Buenos Ayres stands is from thirty to forty feet in height. The 
Pampean mud is here of a rather pale colour, and includes small 
nearly white nodules, and other irregular strata of an unusually 
arenaceous variety of t(^sca-rock. In a well at the depth of seventy 
feet, according to Ignatio Nunez, much tosca-rock "was met with, and 
at several pouits, at 100 feet deep, beds of sand have been found. I 
have already given a list of the recent marine and estuary shells 
found in many parts on the surface near Buenos Ayres, as far as 
three and four leagues from the Plata. Specimens from near Ense- 
nada, given me by Sir W. Parish, where the rock is quarried just 



7i tAHWAK muuAtwH* (cair, ir. 

of tibo jj^n^ oimmi of hnkm IntilfCMi^ cemonted 
bv md ooiivcfted )»to» whilo etTstalHiie iMuboiiAte &f Kme* 1 have 
ilioidy aSodidi in tho ftml okapten to a upeoimoii (also gtiran me hy 
St$ W, Ptokh) from the A. M Ttkiaii^ to wbioh ehdlk, rmetnhlitig 
in ereiy mpect the Atkmi tabiaia^ d'Orbig., aa iu as their worn con* 
ditioii permtia of eomfMtfiaon^ are embedded in a reddiab, softid^ 
•omew^l arenaeeooa inarty rook : after caiefal eompariaon, with the 
md of a microecope and aetde, I can per^eire no differenco betwoeo 
the baaia of this rock and the epecimens collected by mo in many 
wte of the Pamjtas* 1 bate alao stated, on tlio auiliority«of Sir W, 
i^ufish, that northward of Biienoa Ayres, on the highest parts of the 
plain, about forty foet above the Plata, and two or three miles from 
it, numerous shells of the Azara laHata (and I believe of Fefiuf 
iinmm) occur embedded in a siratihed earthy mass, including small 
marly concretions and said to be precisely like the great Pampean 
deposit. Hence wo may conclude that the mud of the Pampas con- 
tinued to be deposited to within the period of this existing estuary 
shell. Although this fonnatiou is of such immense extent, 1 know 
of no other instance of the presence of shells in it. 


Bumm Ayre$ to the Rio Colorado. — With the exception of a few 
metaroorpbic ridges, the country l)etw'een these two points, a dis- 
tance of 400 geographical miles, btdongs to the Pampi»an formation, 
and in the southern part is generally formed of the harder and more 
calcareous varieties. I will briefly descril>e my route: about twenty- 
five miles S.S.W. of the capital, in a well forty yards in depth, the 
upper part, and, as I was assured, the entire thickness, was formed of 
dark red Pampean mud without concretions. North of the R. 
Salado, there are many lakes ; and on tho banks of one (near the 
Guardia) there was a little cliff similarly composed, but including 
many nodular and stalactiform concretions : I found here a largo 
piece of tesselated annour, like that of the Glypto<ion, and many 
fragments of bones. The cliffs on the 8aiado consist of pale-coloured 
I*ampean mud, including and passing into great masses of iosca-rock : 
here a skeleton of the Megatherium and the bones of other extinct 
quadrupeds (see tho list at tho end of this chapter) were found. 
Large quantities of crystallized gypsum (of which specimens wore 
given me) occur in the cliffs of this river; and likewise (as I was 
assured by Mr. Ltimb) in the Pampean mud on the R, Chuolo, seveu 
leagui« from B. Ayres : I mention this because M. d’Orbigny lays 
some stress on the supposed abi^nce of this mineral in the Pampean 
formation. 

Southward of the Salado the country' is^ low and swampy, with 
tosca-rock appearing at long intervals at the surface. On tho banks, 
however, of the Tapalgucn (sixty miles soutli of the Salado) there is 
a large extent of tosca-rock, some highly oomjmct and even seini- 
crystallinc, overlying pale Pampean mud with tho usual concretion^ 
Thirty miles further south, tho small quarts^ ridge of Tapalguen is 
fringed on its northern and southern flank, by little, narrow, flat- 
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topped hills of tosca-rock, which stand higliei than the surronndiiig 
plain. Between this ridge and the sierra of Guitru-gueyu, a distance 
of sixty miles, the country is swampy, with the tosca-rock appearing 
only in four or five spots : this Sierra, precisely like that of Tapalguen, 
is bordered by horizoatal, often cliflF-bounded, little hills of tosca-rock, 
higher than the surrounding plain. Ilere, also, a new appearance 
was presented in some extensive and level banks of alluvium or 
detritus of the neighbouring metamorpliic rocks ; but I neglected to 
observe whether it was stratified or not. Between Guitru-gueyu and 
the Sierra *V entana, I crossed a dry plain of tosca-rock higher than 
the country hitherto passed over, and with small pieces of denuded 
table land of the same formation, standing still higher. 

The marly or calcareous beds not only come up nearly horizontally 
to the northeni and southern foot of the great quartzose mountains of 
the Sierra Ventana, but interfold between the parallel ranges. The 
superficial beds (for I nowhere obtained sections more than twenty 
feet deep) retain, even close to the mountains, their usual character : 
the uppermost layer, however, in one place included pebbles of quartz, 
and rested on a mass of detritus of the same rock. At the very foot 
of the mountains, there were some few piles of quartz and tosca-rock 
detritus, including land-shells ; but at the distance of only half a mile 
from these lofty, jagged, and battered mountains, I could not, to my 
great surprise, find on the boundless surface of the calcareous plain 
even a single pebble. Quartz-pebbles, however, of considerable size 
have at some period been transported to a distance of between forty 
and fifty miles to the shores of Bahia Blanca.* 

The highest peak of the S. Ventana is, by Captain FitzRoy ^s 
measurement, 3340 feet, and the calcareous plain at its foot (from 
observations taken by some Spanisli officers f) 840 feet above the sea- 
level. On the flanks of the mountains, at a height of 300 or 400 
feet above the plain, there were a few small patches of conglomerate 
and breccia, firmly cemented by ferruginous matter to the abrupt and 
battered face of the quartz, -^traces being thus exhibited of ancient 
sea-action. The high plain round this range sinks quite insensibly to 
the eye on all sides, except to the north, where its surface is broken 
into low cliffs. Round the Sierras Tapalguen, Guitru-gueyu, and 
between the latter and the Ventana we have seen (and shall hereafter 
see round some hills in Banda Oriental), .that the tosca-rock forms 
low, flat-topped, cliff-bounded hills, higher than the surrounding 
plains of similar composition. From the horizontal stratification 
and from the appearance of the broken cliffs, the^ greater height of 
the Pampean formation round those primary hills, ought not to be 
altogether or in chief part attributed to these several points having 
been uplifted more energetically than the surrounding country, but to 

* Schmidtraeyer (Travels in Chile, p. 160) states that he first noticed on the 
Pampas, very small bits of red s^ranite, when fifty miles distant from the southern 
extremity of the mountains of (fordova, which project on the plain, like a reef into 

t La Plata, &c. by Sir W. Parish, p. H6. 
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the tV|||^tlioeo«^^ mod having oulkoted rontid them, when 
thej existed as islets or submarine rooks, at a greitter height, tlian 
at the bottom of tlie adjoining op^ sea; — ^the olila having sub- 

sequenily worn daring the elevation of the whole oountiy in mass. 

wuthward of the Ventana, the plain exh^nd# farther than the t^e 
can range; its surface is not very level, having slight depressions 
with no drainage exits; it is generally covered by a few feet in thick- 
ness of sandy earth ; and in some places, according to M. Parohappo/ 
by beds of clay two yards thick. On the Irnnka of the Saucje, four 
leagues S.E. of the Ventana, there is an imperfect section «a bout 200 
feet in height, displaying in the upper part tosca-rock and in tlio 
lower part red Pampean mud. At the settlement of Bahia Blanca, 
the up|)ermo8t plain is com|wsed of very compact, stratified tosca- 
rock, containing rounded grains of quartz distinguishable by the naked 
eye : the lower plain, on which the Fortress stands, is described by M. 
Parchappe* as composed of solid tosca-rock ; but the sections which 
I examined appeared more like a redeposited ifiass of this rock, with 
small pebbles and fragments of quartz. I shall immediately rctuni to 
the im}K>rtant sections on the shores of Bahia Blanca. Twenty miles 
southward of this place, there is a remarkable ridge, extending W. by 
N. and E. by S., fonned of small, separate, flat-topped, steep-sided 
hills, rising between 100 and 200 feet above the Pampean plain at its 
southern base, which plain is a little lower than that to the nortii. 
The uppermost stratum in this ridge consists of pale, highly calcareous, 
compact tosca-rock, resting (as seen in one place) on reddish Pam- 
peaii mud, and this again on a paler kind : at the foot of the 
ridge, tliere is a well in reddish clay or mud. I have seen no other 
instance of a chain of hills Iwjlonging to tlie Pampean formation ; and 
as tlie strata show no signs of disturbance, and as the direction of tlie 
ridge is the same with that cuiiunon to all the metamorphic lines in 
this wdiole area, I suspect that the Pampean sediment has in tliis 
instance been accumulates! on and over a ridge of hard rocks, instead 
of, as in the case of the above mentioned Sierras, round their subma- 
rine flanks. South of this little chain of tosca-rock, a plain of Pam- 
pean mud declines towards the banks of Uie Colarado: in the middle 
a well has been dug in red Pampean mud, covered by two feet of 
w bite, softish, highly calcai\JOUS tosca-rock, over which lies sand with 
small pebbles three feet in thickness, — the first appearance of that 
vast shingle formation described in the first chapter. In the first 
section aft<‘r crossing the Colorado, an older tertiary formation, namely, 
the Rio Negro sandstone (to l>o describc’d in the next chapter), iB met 
w ith : but from tfie accounts given mo by tho Gaiichos, I believe that 
at the mouth of tho Colarado tho Pampean formation extends a little 
further southwards. 

Bahl/t Blanca. — To return to the shores of this bay. At Monte 
Hermoso there is a good section, about 1 00 feet in height, of four 
distinct strata, appearing to the eye horizontal, but thickening a little 
M. d'Orbigny, Voynge, Part. G^olog. pp. 47, 48. 
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towards tho N. W, The uppermost bed, about twenty feet in thick- 
ness, consists of obliquely laminated, soft sandstone, including many 
pebbles of quartz, and falling at the surface into loose sand. The 
second bed, only six inches thick, is a hard, dark-coloured sandstone. 
The third bed is pale-jsoloured Pampean mud ; and the fourth is of 
tlie same nature, but darker coloured, including in its lower part 
horizontal layers and lines of concretions of not very compact pinkish 
tosca-rock. The bottom of the sea, I may remark, to a distance of 
several miles from the shore, and to a dcptli of between sixty and 
one hundrcfj feet, was found by the ancliors to bo composed of tosca- 
rock and reddish Pampean mud. Prof. Ehrenberg has examined for 
me specimens of tho two lower beds, and finds in them three Poly- 
gastrica and six Phytolitharia.* Of these, only one {SpongolithU 
Ftustu?) is a marine form; five of tliem are identical with micro- 
scopical structures, of brackish-water origin, hereafter to be men- 
tioned, form a central point in the Pampean formation. In these 
two beds, especially in the lower one, bones of extinct mammifers, 
some embedded in their proper relative positions and others single, 
arc very numerous in a small extent of the cliffs. These remains 
consists of, first, the head of Ctenomys antiquu;^^ allied to the living 
C. Braziliensis ; secondly, a fragment of the remains of a rodent; 
tliirdly, molar teeth and other bones of a large rodent, closely allied to, 
but distinct from, the existing species of Hydrochoerus, and therefore 
probably an inhabitant of fresh water ; fourth and fifthly, portions of 
vertebree, limbs, ribs, and other bones of two rodents ; sixthly, bones 
of tho extremitiosS of some great megatheroid quadruped. + The 
number of tho remains of rodents gives to this collection a peculiar 
character, compared with those found iu any other locality. All 
these bones are compact and heavy ; many of them are stained red, 
with their surfaces polished ; some of the smaller onesb are as black 
as jet. 

Monte Hormoso is between fifty and sixty miles distant in a S. E. 
lino from the Ventana, with tlie intermediate country gently rising 
towards it, and all consisting of tho Pampean formation. What re- 
lation, then, do these beds, at the level of tho sea and under it, bear 
to those on the Hanks of the Ventana, at tho height of 840 feet, and 
on the flanks of tho otlier neighbouring sierras, which, from the 


♦ The following list is given in the “ Monatsborichten der Konig. Akad. zu 
Berlin, April 1845.’* 

POLYOASTRICA. 

Fragilaria rhabdosoma. 1 Pinnularia? 

Gallionella distaiis. | 


PuVTOLITHARlA. 


Lithodontium Bursa. 

furcatuni. 

Lithostylidiuin oxesum. 


Lithostylidium rude. 

Serra, 

SpongoUthis Fastis? 


t 8eo Fossil Mammalia (|>. 109), by Professor Owen, in the Zoology of the 
Voyage of the Beagle ; and Catalogue (p. 86) of Fossil Remains in Museum of 
Royal College of Surgeons. 

G 
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rensoHS already assigncil^ do not appear to owe their greater height to 
uiitHi^nal elevation ? When the t4>iM;a 'rook waa acdiunulating round 
the Vontana, and when, with the exception of a few small rugged 
primary i^knda, the whole wide surrounding plains must liave h^n 
under water, were the strata at Atonte Horn^^o depositing at tho 
bottom of a great o|)en sea, between 800 and 1000 feet in depth f I 
mnch doubt this ; for if so, the almost perfect carcasses of the several 
small rodents, the remains of which are so very numerous in so 
limited a space, must have l>ccn drifted to this spot from t!»e distance 
of many hundred miles. It appears to me far more probable, that 
during the Pamjvean period this whole area had commenced slowly 
rising (and in the cliffs, at several diflFerent heights, we have proofs of 
the lajul having been cxp<»s€d to sea action at several levels), and that 
tracts of land liad thus been formed of Pam|>can stHliment round the 
Vontana and the other primary range's, on which tlie several rodents 
and other quadrupisls lived, and that a stream (in which |>erhap8 tho 
extinct aquatic lly*lrt>ciKerus lived) drifted tficir bodies into the ad- 
joining aca, into which the Pnmpeau miul continued to l)C poiire<l 
from tlie nortli. As the land continued to rise, it appears that this 
source of sediment wTis cut oft'; and in its place sjuul and pebbles 
w'cre homo down by stronger currents, and c(»nformahly deposited 
over the Pampean strata. 

Punta Alta is situated about thirty miles higlicr up on tbo northern 
side of this same bay : it consists of a small plain, between twenty 
and thirty feet in height, cut off on the shore by a line of low cliffs 
about a mile in length, rcprcsenUMl in tho diagram with its vertical 
scale necessarily exaggerated. The lower bed (A) is more extensive 

So. 15 — SECTloy OF BEOrt WITH RECENT SIIKLLH AND EXTINCT MAM- 
lillFEBS, AT PINTA ALTA IN BAHIA BLANCA. 





than the upper ones ; it •consists of stratified gravel or conglomerate, 
ccmenUnl by calcareo-arenacoous matter, and is divided by curvilinear 
layers of pinkish marl, of which some are precisely like tosca-rock, 
and some more sandy. The beds are curvilinear, owing to the action 
of currents, and dip in different directions ; they include an extra- 
ordinary numlier of hones of gigantic mainmifers and many shells. 
I’he pebbles arc of conniderable si/A?, and are of hard sandstone, and 
of quartz, like that of the Ventana : there are also a few well-rounded 
masses of tosca-rock. 

Tho second ImnI (f}) is about fifteen feet in thickness, but towards 
both extremities of tlie cliff (not included in the diagram) it either 
thins out and dies away, or pasmm insensibly into an overlying bed of 
gravel. It consists of red, tough clayey mud, with minute linear 
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cavities ; it "is marked with faint horizontal shades of colour ; it in- 
cludes a few pebbles, and rarely a minute particle of shell : in one 
spot, the dermal armour and a few bones of a Dasypoid quadruped 
were embedded in it : it fills up furrows in the underlying gravel. 
With tlie exception oli the few jwjbblcs and particles of shells, this 
bed resembles the true Panipean mud ; but it still more closely re- 
sembles the clayey flats (mentioned in the first chapter) separating 
the successively rising parallel ranges of sand-dunes. 

The bed (C) is of stratified gravel, like the lowest one ; it fills up 
furrows in tho underlying red rnud, and is sometimes interstratified 
with it, and sometimes insensibly passes into it ; as the red mud thins 
out, this upper gravel thickens. Shells are more numerous in it than 
in the lower gravel ; but the bones, though sonic are still present, are 
less muneroiis. In one part, however, where this gravel and the red 
mud passed into each other, I found several bones and a tolerably 
perfect head of the Megatherium. Some of the large Yolutas, though 
embedded in the gravel- bed (C), were filled with the red mud, incliid- 
ing great numbers of the little recent Paludestrina australh. These 
tliree lower beds are covered by an unconformablc mantle (D) of stra- 
tified sandy earth, including many pebbles of quartz, pumice and 
phonolito, land and sea-shells. 

M. d’Orbigny has been so obliging as to name for me tlic twenty 
species of raollusca embedded in the two gravel beds : they consist of, 

1. Voluiella angulata, d’Orbig. Voyage 12. Crepidula rauricata, Lam. 

IMollusq. and Pal. 13. Venus purpurata, do, 

2. Voluta Hrasiliaua, Sol. 14, rostiata, Phillippi. 

3. Olicaucillaria Biasiliensis, d’Orbig. 15. Mytilus Darwinanus, d’Orbig. 

4. auricularia, do. 16. Nucula seiniornata, do. 

5. Olivina puelchaiin, do. 17. Cardita patagoiiica do. 

6. Buccinanops cocblidium. do. 18. Corbula ( 1) do. 

7. globulosum, do. 19. Pecten telbuelchus, do. 

8. Colombella sertulariarum. do. 20. Ostrea puelchana, do. 

9. Trochus patagonicus, and var. of 21. A living species of Balanus. 

ditto, d’Orbig. • 22. and 23. An Astrsa and encrusting 

10. Paludestrina australis, d’Orbig. Flustra, apparently identical with 

11. Fissurella patagooica, do. species now living in the Bay. 

All these sliclls now live on this coast, and most of them in this 
same bay : I was also struck with the faet, that the proportional 
numbers of the different kinds appeared to , be the same with those 
now cast up on the beach: in both cases specimens of Voluta, Cre- 
pidula, Venus, and Trochus are the most abundant. Four or five 
of the species are the same with the upraised shells on the Pampas 
near Buenos Ayres. All the specimens have a very ancient and 
bleached appearance,’*' and do not omit, when heated, an animal 
odour : some of them are 'changed throughout into a white, soft, 
fibrous substance ; others have the space between the external walls, 
either hollow, or filled up with crystalline carbpnate of lime. 

♦ A Bulinus, mentioned in the Introduction to the Fossil Mammalia in the 
/oology of the Voyage of the Beagle, has so much fresher an appearance, than the 
marine species, that I suspect it must have fallen amongst the others, and been 
collected by mistake. 

o 2 
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Tiie mnnin^ t»f ilie extinct mammifomiw anim(|la, from the two 
gravel have lMA>n doscribctl by Profe^ssor Owen in the zoology of 
the voyage of ibo Beagle; they con^^bt of l»t» one nearly perfect 
head and tlmH> fragments of heaiU of the Meyathe^^ium Cumeni; 2tl, 
a lower yaw of Jeffertmil; iJj, fewer jaw' of M^lodon 

[Mrwinit ; 4th, fragments of a head of smne gigantic Edental quadru- 
P<hI ; 5th, an almost entire skeleton of the great Scelidoiktrinm 
Itpti^^ephufnm^ with most of the hones^ including the head, vertebras, 
ribs, some of the extR'initics to the claw-bone, and even, as remarked 
by Ibuf, Owen, tbe knee-cap, all nearly in their proper Rlative 
|)<»*jitions ; 6tli, fragments of the jaw and a separate tooth of a Toxo- 
don, lielonging either to 1\ platatsi^^ or to a second species lately 
discovertnl near Buenos Ayres; 7tl», a tooth of cfif^rtdms; 8th, 

tf)Oth of a Pachyderm, closely allied to Palieothcrium, of which parts 
of the head have been lately sent from Buenos Ayres to the British 
Museum ; in all probability this pachydern\ is identical ^ith the 
MacrattchenUi paiacJionIca from Port S. Julian, hereafter to bo re- 
ferred to. liOslly, and Othly, in a cliff of the red clayey bed (B), 
there was a double j>iece, about three feet long and two wide, of the 
bony armour of a large Dasypoid quadruped, with the two sides 
pressed nearly close together : as the cliff is now rapidly washing 
away, this fossil probably w.as lately much more perfect : from 
between its doubled up sides, I extracted the middle and ungucal 
phalanges, united together, of ime of the fec^t, and likewise a se})a- 
rate phalang : hence one or more of the limbs must have l>oeu 
attached to the dermal case, when it >vas embedded. Besides these 
several remains in a distinguishable condition, there wore very many 
single hones : the greater number were embedded in a space 200 
yards square. The preponderance of the E<leiital quadrupeds is re- 
markable ; as is, in contrast with the l>eds of Monte Hermoso, the 
ab.st’nco of Rodents. Most of tbe lx)nes are now in a soft and 
friable condition, and, like the shells, do nrd emit when burnt an 
auiniiil (Klour. The decayed state of the bones may l>e partly owing 
to their late exposure to the air and tidal waves. Barnacles, scrpula» 
and corallines are attached to many of the bones, but I in^gh^cted to 
observe* whether these might not have grown on them since being 
exposed to the ])resent tioal action ; but I believe that some of tbe 
barnacles must have grOwn on the »Scclidotheriurn, soon after Wmg 
dc‘positcd, and before being ^chilly covered up by the gravel. Be- 
sides the remains in the condition here descril)ed, I found one single 
fragment of hone very much rolled, and as black as jet, so as |>er- 
fcctly to resemble some of tbe remains from Monte Ilorinoso. 

Very many of the bones had been broken, abraded, and rolled, 
Ix fore being embedded. Others, even some of those included in the 
coarsest parts the now bard conglomerate, still retain all their 

* Afu*r having packed up my .^pecimen« at Hahia lUanca, (Iii« point occurred to 
me, and ] noted it , hut forgot it on my return, until the remeirm had been cleaned 
and oiled : my attention has been lately called to ib«? nuhject by eomo lemarks by 
M. d'Orhigny. 
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minutest prominences perfectly prc8erve<l ; so tliat I conclude that 
they probably Were protected by skin, flesh, or ligaments, whilst 
being covered up. In the case of the J^didotherium, it is quite cer- 
tain that the whole skeleton was held together by its ligaments, when 
deposited in the gravqj in which I found it. Some cervical vertebrae 
and a humerus of corresponding size, lay so close together, as did 
some ribs and the bones of a leg, that I thought that they must 
originally have belonged to two skeletons, and not have been washed 
in single ; but as remains were here very numerous, I will not lay 
much stress on those two cases. Wo have just seen that the armour 
of the Dasypoid quadruped was certainly embedded together with 
some of the bones of the feet. 

Professor Ehrenberg* has examined for me specimens of the finer 
matter from in contact with these mammiferoiis remains ; he finds 
in them tw’o Polygastrica, decidedly marine forms; and six Phy- 
tolitharia, of wdiich one is probably marine, and the others either of 
fresh water or terrestria! origin. Only one of these eight microscopical 
bodies, is common to the nine from Monte Ilermoso : but five of them 
are in common with those from the Pampe«an mud on the banks of tho 
Parana. The presence of any fresh-water infusoria, considering the 
aridity of tlie surrounding country, is here remarkable : the most 
probable explanation appears to be, that these microscopical organisms 
were washed out of the q^djoining great Painpeaii formation during 
its denudation, and afterwards redeposited. 

We will now see what conclusions may be drawn from tho facts 
above detailed. It is certain that the gravel- beds and intermediate 
red mud were deposited within the period, when existing species of 
inullusca held to each other nearly the same relative proportions as 
they do on the present coast. These beds, from the number of littoral 
species, must have been accumulated in shallow water; but not, 
judging from the stratification of tho gravel and the layers of marl, ou 
a beach. From tho manner imwhicli the red clay fills up furrows in 
tho underlying gravel, and is in some parts itself furrowed by the 
overlying gravel, whilst in other parts it either insensibly passes into, 
or alternates with, this upper gravel, we may infer several local 
changes in the currents, perhaps caused by slight changes, up or dov\T], 
in the level of the land. By tho elevation of these beds, to which 

E eriod the alluvial mantle with pumice- pebbles, land and sea shells 
elongs, the plain of Punta Alta, from twenty to thirty feet in height^ 

♦ Monatsborichten der Akad. zu Berlin, April, 1845, The list consists of, — . 

POLYGASTItlCA. 

OttlUonella sulcata. | Stauroptera aspera ? fragm. 

PllYTOUTHARU. 

l.itliasteriscus tuberculatus. | SpoiigoU^iis acicularis. 
Litbostybdium Clepsammidium 
quiidratuin. 
rude. 

unidoiitatum. 
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wag fimned. In i\m ne^bonrhond there are other and higtier eca^ 
formed plains and lines of clifig in the Pampean jfbhnaiion worn by 
iiie denuding action of the wares at difTerent levels. Hence we can 
easily understand the preseoco of rounded inagses of tosca-roek in ibis 
lowest plain ; and likewise, as the eliffs at Mon(e Hermoso with their 
mammiferous remains stand at a higher level, tlie presence of the one 
much rolled fragment of bone which was as black as jet : possibly 
some few of tlie other much rolled bones may have similarly 
derivetl, tbough I saw only the one fragment, in the same condition 
with those from Monte Hermoso. M. d'Orbigny has suggested* that 
all these mainmiferoua remains may have l^n washed out of the 
Pamjx^n formation, and afterwards redeposited together with the 
recent shell?*. Undoubtedly it is a marveilous fact that these nume- 
rous gigantic quadnn>eil8, Ixlonging, wdth the exception of the Equm 
curridem^ to seven extinct genera, and one, namely, the Toxodon, 
not falling into any existing family, should have co-existed wdth 
mollusca, all of which are still living species ; hut analogous facts have 
been observed in N. America and in Enro]^. In the first place it 
shouM not be overlmikod, that most of the co-embedded shells have a 
more ancient and altered appearance than the bones. In the second 
place, is it probable that numerous bones, not hardened by silex or 
any other mineral, could have retained their delicate prominences and 
surfaces perfect, if they had been washed put of one deposit, and re- 
embedded in another ; — this later deposit being formed of large, liard 
j>€bbles, arrangcil by the action of currents or breakers in shallow water 
into variously curved and inclined layers? The bones which are 
now’ ill so perfect a state of preservation, must, I conceive, liave been 
fresh and sound w hen embedded, and probably were ]>rotceted by skin, 
flesh, or ligaments. The skeleton of the Scelidotlierium indisputably 
was de}K)3itod entire : shall wo say that when held together by its 
matrix it was washed out of an old gmvel-hed (totally unlike in cha- 
racter to the Painjxan formation), and re-embedded in another gravel- 
bed, composed (I speak after careful comparison) of exactly the same 
kind of jHjbhlcs, in the same kind of cement? I wdll lay no stress on 
the tw o cases of several ribs and bones of the extremities having u/y/a- 
rmihj bc(?n embe<klfsi in their proper relative position: but will any 
one be so bold as to afliriU that it is possible, tliat a piece of the thin 
tessellated armour of a J)asypoid quadnipcd, at least three feet long 
and two in wnlth, and now so tender that I was unable with the ut- 
most care to extract a fragment more than two or three inches square, 
could have been washed out of one bed, and ro-embedded in another, 
togriljcr with some of the small bones of the feet, without having been 
dashed into atoms ? We must then wliollv reject M. d'Orbigny « sup- 
position, and admit as certain, that the ^elidotUeriuni anU the largo 
l)asyi»<)id (piadrup^'d, and as highly probable, that the Toxodon, Mega- 
therium, ^c., some of Mic bones of whicli are perfectly preserved, were 
emhedtled for the first time, and in a fresh condition, in the strata in 
which tliey were found entombeil. These gigantic quadnijHjds, there- 
Voyage Part. G{*olog. p. 49. 
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foro, though belonging to extinct ^nera and families, co-existed with 
the twenty above '^enumerated mmlusca, the barnacle and two corals, 
still living on this coast. From the roiled fragment of black bone, and 
from the plain of Punta Alta being lower than that of Monte Her- 
moso, I conclude that^the coarse sub-littoral deposits of Punta Alta 
are of subsequent origin to the Panipean mud of Monte Hermoso ; 
and the beds at this latter place, as we have seen, are probably of 
subsequent origin to the high tosca-plain round the Sierra Ventana : 
we shall, however, return at the end of this chapter, to the considera- 
tion of these several stages in the great Pampean formation. 

Buenos Ayres to St, Fe Bajada^ in Entre Rios, — For some dis- 
tance northward of Buenos Ayres, the escarpment of the Pampean 
formation does not approach very near to the Plata, and it is con- 
cealed by vegetation : but in sections on the banks of the Rios Luxan, 
Areco, and Arrecifes, I observed both pale and dark reddish Pampean 
mud, with small, whitish concretions of tosca: at all these places 
mammiferous remains have been found. In the cliffs on the Parana, 
at San Nicolas, the Pampean mud contains but little tosca : here M. 
d'Orbigny found the remains of two rodents (Ctenomys Bonariensis 
and Kerodo^i antiqmis) and the jaw of a Canis : when on the river 
I could clearly distinguish in this fine line of cliffs, “horizontal lines 
of variation both in tint and compactness.”* The plain northward of 
this point is very level, but with some depressions and lakes ; I esti- 
mated its height at from forty to sixty feet above the Parana. At 
the A. Medio the bright red Pampean mud contains scarcely any 
tosca-rock ; whilst at a short distance the stream of the Pabon forms 
a cascade, about twenty feet in height, over a cavernous mass of two 
varieties of tosca-rock ; of which one is very compact and semi-crys- 
talline, with scams of crystallized carbonate of lime ; similar compact 
varieties are met with on the Salidillo and Seco. The absolute 
identity (I speak after a comparison of my specimens) between some 
of these varieties, and those from Tapalguen, and from the ridge south 
of B. Blanca, a distance of 400 miles of latitude, is very striking. 

At Rosario there is but little tosca-rock : near this place 1 first 
noticed at the edge of the river tnices of an underlying formation, 
which, twenty- five miles higher up in the estancia of Gorodona, con- 
sists of a pale yellowish clay, abounding with concretionary cylinders 
of a ferruginous sandstone. This bed, which is probably the equi- 
valent of the older tertiary marine strata, immediately to be described 
in Entre Rios, only just rises above the level of the Parana when low. 
The rest of the cliff at Gorodona, is formed of red Pampean mud, with, 
in the lower part, many concretions of tosca, some stalactiformed, and 
with only a few in the upper part : at the height of six feet above the 
river, two gigantic skeletons of the Mastodon Afidium were here 

• I quote these words from my note-book, as written down on the spot, on ac- 
count of the general absence of stratification in the Pampean formation having 
been insisted on by M. d‘Orbigriy as a pioof of the diluvial origin of this great 
deposit. 
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cinbeddiK} ; their bones were scattered a few fiset apart, but many of 
tViem still held their proper relative |x>sitioii$ ; they were much de- 
cayo^l and as soft as cheese, so^that even one of the great molar teeth 
fell into pieces in iny hand. We here see that the l^aim)ean deposit 
cimtains mainmiferous remains close to its base^ On the (muks of the 
Carcarana, a few miles distant, the lowest be<l vbible was pale Pain- 
peaii mud, with masses of tosc«a>rock, in one of which I found a much 
decayed tooth of the Mastodon : alwve this bed, there was a thin 
layer almost composed of small concretions of white tosoa, out of 
which I cxtraoteil a well preserved, but slightly broktrn tooth of 
Ttxxoihn Pliitensu: above this there was an unusual bed of very 
soft impure sandstone. In this neighbourhood I noticed many single 
enil>eilde<l bones, and I hoard of otliers having been found in so |>cr- 
ft'ct a state that they were long used as gate-posts : the Jesuit Falkner, 
found here the dennal armour of sf>me gigantic edental quatlrujycd. 

In some of the red mud scra|>cd from a tooth of one of the mastodons 
at Gorodona, Professor Ehrenberg Hiuls ^ven Polygastrica and 
thirteen Phytolitharia,* all of them, I iK'lieve, witli two excerptions, 
already known species. Of these twenty, the preponderating num- 
ber are of fresh- W’ater origin ; only two species of Coscinodiscus and 
a Spongolithis show the direct influence of the sea ; therefore Pro- 
fessor Ehrenberg arrives at tbc important conclusion that the deposit 
must have been of brackish- water origin. Of the thirteen Phytoli- 
tharia, nine are met with in the two deposits in Bahia Blanca, whore 
there is evidence from two otl)er species of Polygastrica that tljc beds 
were accumulated in brackish water. The traces of corals, sponges, 
and polytbalamia, found by Dr. Oarpenter in the tosca-rock, (of 
which I must observe the greater number of specimens were from 
the up|>er beds in the soutlicrn parts of tbc formation), apparently 
show a more purely iiiariuc origin. 


At St. Fv Bajdiln.^ in Entrc Rios, the cliffs, estimated at between 
sixty and seventy feet in height, exj¥>90 an interesting section : the 
lower half consists of tertiary strata with marine shells, and the 
n]>per half of the Pampean formation. The lowest bod is an 
obrnpiely lamiriate<l, blackish, indurated mud, with distinct traces of 


of- 


MoLaUbericblefi der Kuoig, Akad. *u Berlin, April, 1845. 

PoLYOA8TliICA. 


The I Ur consists 


Csmpjlwliscus tlypeus. 
Co«cii»odi«cuH subtili'i. 

al. 9p. 

Ruriotia. 


Galltoiudla granulala. 
Ilinmntidium gracile. 
Pinnularia borealis. 

Phv roLiiiiAniA. 


I-ifbnstoriscus tuberciilatus 
l-ithfHlonnum bursa. 

furcatutn. 

rostratuni, 

Afiipbiodon. 

Clcp&aminidium. 


Lithostyiidium Hamus. 

polyedrum. 

quadraUun. 

rude. 

Berra. 

unidentatuni. 
Spongolithis fuitis. 
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vegetable remains.* Above this there is a thick bed of yellowish 
sandy clay, with Inuch crystallized gypsum and many shells of Ostrese, 
Pectens, and Arose : above this thcreifgenerally comes an arenaceous 
crystalline limestone, but there is sometimes interposed, a l>cd, about 
twelve feet thick, dark green, soapy clay, weathering into small 
angular fragments. The limestone, where purest, is white, highly crys- 
talline, and full of cavities: it includes small [»ebb]es of quartz, broken 
shells, teeth of sharks, and sometimes, as I was informed, large 
bones : it often contains so much sand as to pass into a calcareous 
sandstone, f and in such parts the great Ostrea Pata^anicaf chiefly 
abounds. In the upper part, the limestone alternates with layers of 
fine white sand. The shells included in these beds have been named 
for me by M. d’Orbiguy ; they consist of, 


1. Ostrea patagonica, d’Orbig. Voyage, 

Part. Pal. 

2. Alvarezti, do. . 

3. Poefen Paranensis. do. (and PI. IV. 

of this work, fig. 30.) 

4. Darwinianua, do. and PI. I V. 

of this work, figs. 28, 29. 


5. Venus Mnnsterii, d’Orbig. Vojage, 

Pal. 

6. Area Bonplandiana, do. 

7. Cardium Platense, do. 

8. Tellina, probably nov. spec., but too 

imperfect for description. 


These species are all extinct : the six first were found by M. 
d’Orbigny and myself in the formations of the Rio Negro, S. Josef, 
and other parts of Patagonia ; and therefore, as first observed by M. 
d’Orbigny, these beds certainly belong to the great Patagonian forma- 
tion, which will be described in the ensuing chapter, and which wc 
shall sec must be considered as a very ancient tertiary one. North 
of the Bajada, M. d'Orbigny found, in beds which he considers as 
lying beneath the strata here described, remains of a Toxodon, which 
he has named as a distinct species from tlie T. Platcnsis of the Pam- 
jiean formation. Much silicified wood is found on the banks of the 
Parana (and likewise on the Uruguay), and I was informed that they 
come out of these lower beds : four specimens collected by myself are 
dicotyledonous. 

The upper half of the cliff, to a thickness of about thirty feet, 
consists of Pampean mud, of which the lower part is pale coloured, 
and the upper part of a brighter red, witji some irregular layers of 
an arenaceous variety of tosca, and a few small concretions of the 
ordinary kind. Close above the marine limestone, there is a thin 
stratum with a concretionary outline of whito hard tosca-rock or 
marl, which may be qonsidenHl cither as the uppermost bed of 
the inferior deposits, or the lowest of the Pampean formation ; at 
one time I considered this bed as marking a passage between the two 

• M, d'Orbigny has given (Voyage Part. Gwiog. p. 37) a detailed description 
of this section, but as bo does not mention this lowest bed, it may Lave been con- 
cealed when he was there by ibe river. There is a coiisidorable discrepancy be- 
tween his description and mine, which I can only aftjount for by the beds tliem- 
aelves varying considerably in short distances. 

t Capt. Sulivari, R.N., has given me a specimen of this shell, which he found 
in the cliffs at Point Ceirito, between twenty and thirty miles above the BajaJa. 
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fonnatioiift ; but I have innco become oonvinoed that I waa deceived 
ou this pomt. In the eeotion on tlie ParanSi 1 did not find any 
mammifimus remains ; but at^ two miles distance on the A# Tapes 
(a tributary of the Couchitas)» they were extremely numerous in a 
low diff of red Pampean mud with small concretions, precisely like 
the upper bed on the Parana* Most of the bones were solitary 
and much decayed ; but I saw the dermal armour of a gigantic 
Rental quadruped, forming a cauldron- like hollow, four or five feet 
in diameter, out of which, as I was informed, the almost entire 
skeleton hod been lately removed, I found single tc^th of the 
Mmiodon Andium^ Toxoihn Platenhiy and Equu$ curtfide/My near to 
each other. As this latter tooth approaclies closely to that of the 
common horse, I paid particular attention to its true embedment, for 
I did not at that time know that there was a siniilar tooth hidden in 
the matrix with the other maminiferous remains from Punta Alta. 
It is an interesting circumstance, that Prof. Owen finds that the 
teeth of this horse approach more cloj^ely in tlieir peculiar curvature 
to a fossil specimen hronglit by Mr. Lyell^ from N. America, than to 
those of any other species of Kqniis. 

The underlying marine tertiary strata extend over a wide area : I 
w’as assured that they can be traced in ravines in an exist and west 
line across Entrc Rios to the Uruguay, a distance of about 135 
miles. In a S.iL direction I heard of their existence at the head of 
the R. Nankay ; and at P. Gorda in Banda Oriental, a distance of 
170 miles, I found the same limestone, containing the same fossil 
shells, lying at about the same level above the river as at 8t. Fe. In 
a southerly direction, those beds sink in height, for at another P. 
Gorda in Eatre Rios, tlic limestone is seen at a much less height ; 
and there can be little doubt that the yellowish sandy clay, on a level 
with the river, l>ctween the Carcarana and S, Nicolas, belongs to this 
same fonnation ; as jHThaps do the beds of sand at Buenos Ayres, 
which lie at tiic hottum of the Painpean formation, about sixty feet 
beneath the surface of the Plata. Th« southerly declination of these 
beds may perhaps be due, not to unequal elevation, but to the ori- 
ginal form ()f the bottom of the sea, sloping fnmi land situated to 
the north ; for that land cxiste<l at no great distance, vre have evi- 
dence in the vegetable remains iu the lowest bed at St. Fe ; and in 
the silicifiod wood and in the bones of Toxoden Paranendsy found 
(according to M. d’Orbigny) in still lower strata. 


Banda Oriental . — This province lies on the northern side of tliO 
Plata, and eastward of tlie Uruguay : it has a gently undiilatory sur- 
face, witfi a basis of primary rocks; and is in most parts covered up with 
an imstratificd mass, of no great tliicknm, of reddish l*ampean mud. 
Iu the eastern half, near Maldomulo, this deposit is more arenaceous 
than in tin* Pampas ; ij contains many though small concretions of 
marl or to^ca-rock, and others of highly ferruginous sandstone; tn ono 
* 1 s I ravels in N. Arntrica, vol. i, j», 164, and Proc. of Oaolog. Soc, 

voi. IV. j». 30. * ^ ^ 
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section, only a few yards in depth, it rested on stratified sand. Near 
Monte Video this^Jeposit in some spots ap}>ears to bo of greater thick- 
ness ; and the remains of the Olyptodejp and other extinct inammifers 
have been found in it. In the long line of cliiSi, between fifty and 
sixty feet in height, called the Barrancas de 8. Gregorio, which ex- 
tend westward of the liio S. Lucia, the lower half is formed of coarse 
sand of quartz and feldspar witlmut mica, like that now cast up on 
the beach near Maldonado ; and the upper half of Pampean mud, 
varying in colour and containing honey-combed veins of soft calca- 
reous inatto and small concretions of tosca-rock arranged in lines, and 
likewise a lew pebbles of quartz. This deposit fills up hollows and 
furrows in the underlying sand ; appearing as if water charged with 
mud had invaded a sandy beach. These cliffs extend far westward, 
and at a distance of sixty miles, near Colonia del Sacramiento, 1 found 
the Pampean deposit resting in some places on this sand, and in others 
on the primary rocks: between the sand and the reddish mud, 
there appeared to be iivterposed, but the section was not a very good 
one, a thin bed of shells of an existing My til us, still partially retain- 
ing their colour. The Pampean formation in Banda Oriental might 
readily be mistaken for an alluvial deposit : compared with that of 
the Pampas, it is often more sandy, and contains small fragments of 
quartz; the concretions are much smaller, and there are no extensive 
masses of tosca-rock. 

In the extreme western parts of this province, between the Uruguay 
and a line drawn from Colonia to the K. Perdido (a tributary of the 
K. Negro), the formations arc far more complicated. Besides pri- 
mary rocks, wo meet with extensive tracts and many flat- topped, 
horizontally stratified, cliff-bounded, isolated hills of tertiary strata, 
varying extraordinarily in mineralogical nature, some identical with 
the old marine beds of St. Fe Bajada, and some witli those of the 
much more recent Pampean formation. There are, also, extensive low 
tracts of country covered with a deposit containing mammiferous re- 
mains, precisely like that just .described in the more eastern parts of 
the province. Although from the smooth and unbroken state of the 
country, I never obtained a section of this latter deposit close to the 
foot of the higher tertiary hills, yet I have not the least doubt that it is 
of quite subsequent origin ; having been deposited after the sea bad 
worn tlie tertiary strata into the cliif-bounded liills. This later for- 
mation, whicl) is certainly the equivalent of that of the Pampas, is 
well seen in the valleys in the estancia of Berquelo, near Mercedes ; 
it here consists of reddish earth, full of rounded grains of quartz, and 
with some small concretions of tosca-rock arranged in horizontal lines, 
so as perfectly to resemble, except in containing a little calcareous 
matter, the formation in the eastern parts of Banda Oriental, in Entre 
Rios, and at other places : in this estancia the skeleton of a great F.dental 
quadruped was found. In the valley of the Sarandis, at the distance 
of only a few miles, this deposit has a somewhat different character, 
being whiter, softer, finer-grained, and full of little cavities, and conse- 
quently of little specific gravity ; nor does it contain any concretions 
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or calcareous matter : 1 here procured a head^ which when first dis« 
covered must have Imjcu quite |>crfect, of the Twdm Pl4Uen$i$^ 
another of a Mylodon/ perhaps M. IMrmnii., aud a largo piece of 
dermal armour, differing from that of Uie GlyfiodoH elaripei^ These 
bones are remarkable from tbeir exiraordiuarily fresh appearance; 
when held over a bmp of snints of wine, tliey mve out a strong 
odour and bum with a small nanus; Mr. T. Reeks has been so kind 
as to analyse some of the fm^ontR» and he finds that they contain 
about seven per cent, of animm matter, and ciglit ])fr cent of water.f 
Hie older tertiary strata, forming the hij^hcr isolatetl lylls and ox- 
Un-ive tracts of country, var)', as I have said, extraordinarily in com- 
position : witliin the distance of a few miles, 1 sometimes passed over 
crystalline limestone with agate, calcareous tutTs, anti marly rocks, all 
jiassing into each other, — rm and pale mud with concretions of tosca- 
rook, quite like the Pampean formation,— ealeare<uisconglomemti»s and 
sandstones, — bright red san(lstoni*s parsing either into red conglomer- 
ate, or into white sandstone, — hard silianois SUrulstones, jaspery and 
chalcedonic rocks^ aud numerous other subordinate %arietiea. I was 
unable to make out the relations of all those strata, and will desenbo 
only a few’ distinct sections: — in the clilfs lietween P, Oorda on 
the Uru^ay and the A. de Vivoras, the up|>cr bed is crystalline 
cellular limestone often jta^.-ing into calcareous sandsUuie, with im- 
pressions of some (jf the same shells as at St. Fe Ibjada ; at P. 
Gorda,^ this limestone is interstratified with, and rests on, white 
sand, which covers a Wd about thirty feet thick of pale-coloured 
clay, with many slit lU of the gn at 0$trm Pata^onica : Iwneath this, 
in the vertical clitlj nearly on a level writh the river, there is a l>cd of red 
mud absolutely like the l*a:iinean diq)08it, with numerous often largo 
concretions of perfectly characteriwd white, compact tosca-rock. At 
the mouth of the Vivoras, the river flows over a pale cavernous tosca- 
rock, fjuite like tliat in the Ibmpas, ami this appeared to underlie the 
t r}>talline limestone ; but the station was not unccjuivocal like that 
at P. Gurda. I’hcso btls now’ form^only a narrow and much de- 
nuded strip of land ; but they must once have extended much fur- 
ther ; for on tlie next stream, south of the 8. JTnan, Capt. Sulivaii, 
U.N., found a little clifl', only just above the surface of the river, 
with numerous hUclls of tiie AfarnfUniy d'Orbig., — one of tho 

8j>ecies occurring at St. Fe, and of which there are casts at P. Oorda: 
tlic lino of clilfh of the sulmtpiently dcjKisited true Pam|>can mud, ex- 
tend from Colonia to within half a mile of this 8iK>t, and no doubt 
once covered up this <lcnudtr^l marine stratum. Again at Colonia, a 

IhiR h<*ad was at coesidcrwU f»y rrofvs«<ir Ow^n (in llie Zoology of 
n«ag]e’s \ oyaf,'i‘) as to a <)i«tiitct gotiua, uajuoly, (Jloiwoilioriuia. 

t 1 (Jhomiikiry of Agriculture, 10-4) atatoa that ftesli ilry bonoa conuifl 

from thirty -two to thirty-throo jior r**rit. of Ury gr^latiiio. S«<i ttUo Di’. l)aub©njr 
itt Kilin. Now I’hil. Jourii. vol. xxavii. p, 293.' 

t njy Journal (p. 171, 4st mlit.}, I havo haaliiy uml inacciirfltely HtatoU that 
the* I amjK-ttn mu<l, winch is foiiml ovor tlio enatore eart of B. OriciHAl, lio» over 
tne limeatoiio ui p. (ior<]a ; 1 Khouhi have stiiU ibai tboro wss rcwOii to hifor that 
»t was a ftubse()ucnt or sujjcrior tloeoait. 
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Fronclinian found, in digging tho foundations of a house, a great mass 
of the (htrea Pata/^onica (of which I saw many frafrinents), packed 
together just beneath tho surface, and directly superimposed on the 
gneiss. These sections are important : M. d'Orbigny is unwilling to 
boliove that beds of tlij same nature with the Painpcan formation, ever 
underlie the ancient marine tertiary strata ; and I was as much sur- 
prised at it, as ho could have been ; but the vertical cliff at P. Gorda, 
allowed of no mistake, and I must l>c permitted to affirm, that after 
having examined the country from the Colorado to St. Fe Bajada, I 
could not be deceived in the mineralogical character of the Pampean 
deposit. 

Moreover, in a precipitous j>art of the ravine of Las Bocas, a red 
sandstone is distinctly seen to overlie a thick bed of pale mud, also quite 
like the Pampean formation, abounding with concretions of tnie tosca- 
rock. This sandstone extends over many miles of country : it is as red 
as the brightest volcanic scoria} ; it sometimes passes into a coarse red 
conglomerate composed of the underlying primary rocks; and often 
passes into a soft white sandstone with red streaks. At the Calera de 
los Huerfanos, only a quarter of a mile south of where I first met with 
tho red sandstone, the crystalline white limestone is quarried : as this 
bed is the uppermost, and iis it often passes into calcareous sandstone, 
interstratified with pure sand ; and as the red sandstone likewise 
passes into soft white sandstone, and is also the uppermost bed, I 
believe that these two beds, though so different, are equivalents. A 
few leagues southward of these tw^o places, on each side of the low 
primary range of S. Juan, there are some flat-topped, cliff-bounded, 
separate little hills, very similar to those fringing the primary ranges 
in the great plain south of Buenos Ayres ; tliey are composed, — 1st, of 
calcareous tuff with many particles of quartz, sometimes passing into 
a coarse conglomerate ; 2n«i, of a stone undistingiiishable on the closest 
inspection from the corn pac ter varieties of tosca-rock ; and 3rd, of 
semi-crystalline limestone, including nodules of agate : these three 
varieties pavss insensibly into each other, and as they form the upper- 
most stratum in this district, I believe that they, also, are the equiva- 
lents of the pure crystalline limestone, and of the red and white sand- 
stones and conglomerates. 

Between these points and Mercedes on the Rio Negro, there are 
scarcely any good sections, the road passing pver limestone, tosca-rock, 
calcareous and bright red sandstones, and near the source of the S. 
Salvador over a wide extent of jaspery rocks, with much milky agate, 
like that in the limestone near S. Juan. In the estancia of Berquelo, 
tho separate, flat-topped, cliff-bounded hills are rather higher than in 
other i)arts of the countryj they range in a N.E. and S. W. direction ; 
their upj)ermo8t beds conSst of the same bright red sandstone, passing 
sometimes into a conglomerate, and in the lower part into soft white 
sandstone and even into loose sand : beneath ^this sandstone, I saw in 
two places layers of calcareous and marly rocks, and in one place red 
ramnemi-liko earth ; at tho base of these sections there was a hard, 
stratified, white sandstone, with chalcedonic layers. Near Mercedes, 
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bedt of the «»mo natiire and appan^ntly of iJte aatne age, are aieociate<) 
with compact, while, c?y»Ullin© limi^tone, iiichidin| much botryoidal 
•gate, and singular like |K>rctdahi, but mlly C4)mi)o«e<l of a 

calcare<)-silictH.)U?i paste. In sinking wells in thm diitrlct the chalee- 
donic strata seem to W the lowt^t. IWils n^c\% m beie deecriM, 
occur over the w'lnde <»f i)us neij^hlH^nflnHjd ; but Iweiity tudea further 
up the U. Nt'grn, in tin* cliffs of IViika, which am about fifty feet in 
heiglib the upi^ >r Ud is a prettily variegaUnl chak^Iony, mmglcd with 
a pure white tail.»w v lijm'-^tone ; Wneath this them »» a congUmieraio 
of (juartz and gninile ; beneath this many sandstowea,«*>»ie* highly cab 
careou:* ; and the wlude hnver t\v»> thirds of the cliff constsii of earthy 
calcareous Ik<U i)f various degrct's* t»f purity, with one layer of reddish 
Panj|H'andiko mud. 

Wlicn examining the agate*«, tin' chaloMlonie and jaspery rtwks, aomo 
of llu‘ line'stont's, and even the bright nrd sambPuu*?^, I waa forcibly 
struck witli their re^j^'inhlauec t*> depe*Vitin fumied in the netghl>oorhotMi 
of xdoanic action. 1 now lind that M, I^^ahelle in his Voyages h 
Ihienos Avu'^.*’ has ^Icscrilnd cl'«*e5y !*iiuiUr lM.’ds on the Ilarpiy and 
Ibicny (which enter the Uruguay s^niie way north of the H. Nhw>) 
and tio^e beds include fra'^uienis of reil dc'C'^npoKsl true scorinp bar- 
dental by ze olite, and of bUiek retinito ; we have ihm licrc gt»od evi- 
dence of Volcanic action during our tertiary |XTifK!. Still farther 
north, near S. Anna,* wlicre the Parana makes a remarkable bend, 
M. Itonpl.ind found -^ome singular atnygdahudal ren'ks, which jierliapd 
may belong to tfiis same epoch. I may remark that, judging from 
the siz*' and well-rounded cemdition of the bhn.k'* of rock in the alMive- 
dcscribt^l conghuiierates, massv’s of primary formation probably cxiaUnl 
at this tertiary period above water : there i% also, according to M. 
Isabelle, much conglomerate further north, at Salto. 

From whatever scmrce and through whatever means the great 
Pampoaii formation originate'*!, wc here have, I must refieat, unequi- 
vocal evitience of a similar action at a pen«>d Iwfonj that of the de|K>- 
‘*ition of the marine tertiary strata %vilh extinct shells, at Si* Fc and 
P. (lorda. During, also, tlie deposition of these strata, wo have in 
the intercalat4'd layers of red Pampandike mud and tosca-rock, and in 
the passiige near S. duan of the soini-crystallinc limesionea with ajjato 
intf) to8ca undistinguishabte from that cif the Pampas, evidence ot^tlio 
same action, though continued only at intervals and in a feeble man- 
ner, We have further sctm that in this district, at a period not only 
subsequent to the deposition <if the tertiary strata, but to their up* 
heavernent and most extensive denudation, true Pampean mud with its 
usual characters and including rnammiferous remains, was deposited 
round and between the hills or islets fomi^ of these tertiary strata, 
and over the whole eastern and low primary districts of Banda Ori* 
ental. 

Earthy ma«», with extinct mammi/eroui remain$, otw the porpkjf^ 
ritic yratel at S, Julian^ lat, 49° 14^ S, in JPa^oyonio*-— This case, 
* M. d’Oibigny, Voyagu Part. Ci^olog. p. 29. 
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though not coming strictly under the Pampean formation, may be 
conveniently give» here. On the south side of the harbour, there is 
a nearly level plain (mentioned in the first chapter) about seven miles 
long, and three or four miles wide, estimated at ninety feet in height, 
and bordered by perpendicular cliffs, of which a section is here repre- 
sented. 

No. 16.— SBCTION OP THE LOWEST PLAIN AT PORT S. JULIAN. 


A A A 



A A. Superficial bed of reddish earth, with the remains of the Macrauchenia, and with 
recent Bea>she)ls on the surface. 

B. Gravel of porpliyrilic rtw?ki». 

C and D. Pumiceous mudstone. ) 

E and F. Sandstone and arj^iUaceous beds. ) * rtiary formation. 

The lower old tertiary strata (to be described in the next chapter) 
are covered by the usual gravel bed ; and this by an irregular earthy, 
sometimes sandy mass, seldom more than two or three feet in thick- 
ness, except where it fills up furrows or gullies \vorn not only through 
tlie underlying gravel, but even through the upper tertiary beds. 
This earthy mass is of a pale reddish colour, like the less pure varie- 
ties of Pampean mud in Banda Oriental ; it includes small calcareous 
concretions, like those of tosca-rock but more arenaceous, and otlier 
concretions of a greenish, indurated argillaceous substance : a few 
pebbles, also, from the underlying gravel-hcd are also included in it, 
and these, being occasionally arranged in horizontal lines, show that 
the mass is of sub- aqueous origin. On the surface and embedded in 
the superficial parts, there are numerous shells, partially retaining their 
colours, of three or four of the now commonest littoral species. Near 
the bottom of one deep furrow (represented in the diagram), filled up 
with this eartiiy deposit, I found a large part of the skeleton of the 
Macrauchenia Patachonica ^ — a gigantic and most extraordinary 
pachyderm, allied, according to Professor Ow'en, to the Paleeotlierium, 
but with affinities to the Ruminants, especially to the American 
division of the Camelidte. Several of the vertebuBD in a chain, and 
nearly all the bones of one of the limbs, even to the smallest bones of 
the foot, were embedded in their proper relative positions : hence the 
skeleton w as certainly united by its flesh or ligaments, when enveloped 
in the mud. This earthy mass, with its concretions and mammife- 
rous remains, filling up furrows in the underlying gravel, certainly 
presents a very striking resemblance to some of the sections (for in- 
stance, at P. Alta in B. Blanca, or at the Barrancas de S. Gregorio) 
in the Pampean formation ; but I must believe that this resemblance 
is only accidental. I suspect that the muJ which at the present 
day is accumulating in deep and narrow gullies at the head of the 
harbour, would, after elevation, present a very similar appearance. 
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Tlio part of ihe Iroe Pampcfto formation, nmnoly, on 

the ColcMrado» Im 560 tnileo of latitude north of thia point** 

With fcapoct to the ago of tlio Macrauchonia, tbo dioIlB on iho «ur- 
bM prove that the maee id r^bich the ekplotim wae envelo|H»d haa 
been otovated almvo the eea within the recent^ period : I did not «eo 
any of the shells cmlKKldod at a sufficient depttr, to assnro me (though 
it bo highly probable) that the whole thickiieiw of the mass was con- 
temporaneous w^itii these indirndnal TImt the Macrau- 

chenia lived subsequently to the spreading out of the gravel on this 
plain is certain; and that this graved at the height of .ninety feet, 
was spread out long after the existence of recent hbell», is scarcity h*S8 
coAain. For, it was shown in the first chapter, that this line of coast 
has been upheavetl with remarkable equability, and that over a vast 
space both nortli and south of 8. Julian, n'cent species of shells are 
strewed on (or embedded in) the surface of the 250 feet plain, and <»f 
the 350 fet't plain up to a height of tOO feet. These wide step- 
funuxi plains have Ixxm formed by the d«*niidmg action of the coast- 
wave's on the old tertiary strata; and therefore, when the surface of 
the 350 feet plain, with the shells on it, first rose above the level of 
the sea, the 250 feet plain did not exist, and iU fonnation, as w'ell as 
the spreading out of the gravel on its sumn)it, must have taken place 
subset jueiuly. 8o also the denudation and the graTcbcovcring of the 
ninety feet plain must have takim place sul>sc^quently to the elevation 
of the 250 feet plain, on which recent shells are also strcweil. Hence 
there cannot Imj any doubt that the Macrauchenia, which certainly 
waa entombcil in a fn^li state, and which must have Injen alive after 
the spreading out of the gravel on the ninety feet plain, cxistcsl, not 
only 8ub:i€qiicntly to the uj)raiscd shcdls on the surface of the 250 fen^t 
plain, hut also to those on the 350 to 400 ft?ct plain : these sliclls, 
eiglit in numlnT (namely, three species of Myiilus, two of Pabdia, 
one Fu-su% Voluta, and Halanus), are undoubtedly recent siwiea, and 
are the commonest kinds now living on this coast. At Funfca Alta 
in Ih Blanca, I remarked how marvellous it was, that the Toxodon, 
a inainmifer so unlike to all known genera, should have co-existed 
with twenty-three still living mariuo animals; and now wo find that 
tiio Macnuichenia, a quadrufKj^l only a little Icaa anomalous tlmn the 
Toxodon, also co-cxi»U‘d with eight other still existing moHtlsca; it 
should, moreover, In? borne in mind, that a tooth of a pachydermatous 
aiiimal was found with the other remains at Punta Alta, which Pro- 
fessor Owen thinks almost certainly belonged to the Macraucbetiia. 

Mr. Lyellt has arrived at a highly important concluaion with 
respect to the age of the North American extinct mamfiiifera, (many 
of whicli arc closely allied to, and even identical with, those of the 
Pauipean formation), namely that they lived subseciuently to Uie pmod 

In tho (luccftciiing chanU't I shall have lo refftr to s great deposit of extinct 
marnmifoToutt oimuius, laiel. fruicov<?red by Capt, Suliv&n, H.N,* at a point still 
douhtful**^*^^' ’ at the H. Gallegos ; their age miiat at praseot fomatn 

f Geological l*roreeding«, voh iv. p. 30. 
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whon erratic boulders were transported by the agency of floating ice in 
temperate latitudes# Now in the valley of tlie iS. Cruz, only fifty miles of 
latitmle tsouth of the spot where the Macranchenia was entombed, vast 
numbers of gigantic, angular boulders, which must have been trans- 
ported from the Cordillera on icebergs, lie strewed on the plain, at 
the height of 1 400 feet^above the level of the sea. In ascending to 
this level, several step-formed plains must be crossed, all of which 
have necessarily required long time for their formation ; hence the 
lowest or ninety feet plain, with its .superficial bed containing the 
remains of the Macrauclnmia, must have been formed very long sub- 
sequently to Ihe period when the 1400 feet plain >vas beneath the 
sea, and houldors were dropped on it from floating masses of ice.^ 
IMr. liyeir.s conclusion, therefore, is thus far confirmed in the southern 
heniisphere; and it is the more important, as one is naturally tempted 
to admit so simple an explanation, that it was the ice^period that 
caused the extinction of the numerous great mammifers which so 
lately swarmed over the iwo Americas. 

Sumnun'i/ and o>nc} tiding remarks on the Panipean Formation , — 
One of its most striking features is its great extent ; I passed con- 
tinuously over it from the Colorado to tSt. Fe llajada, a distance of 
,000 geographical miles ; and M. d'Orbigny traced it for 2.>() miles 
further north. In the latitude of the Plata, I examined this forma- 
tion at intervals over an cast and west line of 300 miles from Mal- 
donado to tlu^ R, Carcarana ; and M. d’Orhigny believes it extends 
JOO mih;s further inland : from Mr. CaldcleuglFs travel^, however, I 
should have thought that it had extended, south of the Cordovese 
rang(% to near Mendoza, and I may add that I heard of great bones 
liaving been found high up the II. Q.iiinto. Hence the area of the 
PamjK*aii formation, as remarked by M. tl’Orbigny, is probably at 
least equal to that of France, and perhaps twice or thrice «*is 
great. In a basin, surrounded by gravel-cliff (at a height of nearly 
30(K) fict), south of IMoudoza, there is, as described in the third 
cha[)ter, a deposit very like the Panipean, interstratified with other 
matter; and again at S. Julian's, in Patagonia, 560 miles south of 
the Colorado, a small irregular bed of a nearly similar nature con- 
tains, as we have just seen, mainmifcroiis remains. In the provinces 
of Moxos and Chiquitos (1000 miles northward of the Pampas), and 
ill Roll via, at a heiglit of 4000 metres, M. d'Orbigny has described 
similar deposits, wliich ho believes to have been formed by the same 
agency contemporaneously with the Pampeau formation. Consider- 
ing the immense distances between these several points, and their 
ditlerent heiglits, it appears to me infinitely more probable, that this 
similarity has resnlte<l not fibin contemporaneousness of origin, but 

* It mujit not be inferred from these remarks, that th^ ice-action ceased in S. 
America at this comparatively ancient period ; for in Tierra del Fuego, boulders 
were probably transported contemporaneously with, if not subsetjuently to, tlio 
formation of tlie ninety feet plain at S. Julian, and at other parts of the coast of 
Patagonia. 
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tfWk Umi i^iiUrtiy of the rocky framework of iho ootiiinetii : it is 
known that in BnxU an imnunim? area ooneUia oU gncUaic rocki\ and 
we ahall hereafUur ace, over how peat a length the plutonio rocks of 
Uto Copdillcra, the overlying purple porphyries^ and tho trachytic 
ejections, are almost identical in nature. 

Tliree theories on the origin of the Pani)»ckn formation have been 
propounded : — First, that of a great debacle by M. d’Orbipiy ; i\m 
seems founded chiefly on the absence of siratiftcaiioii, and on the 
number of embcddtHl mnaiiw of terrestrial qnadnijwtU. Although 
the Pam{)ean formation (like so many argillaceous deposits) is not 
divided into distinct and separate strata, yet we have setm that in 
one good section it was with horizontal zones of colour, and 

that in several specified places the upper and lower parts difi*erc<l, not 
only considerably in colour, but greatly in constitution. In tlie 
soiitbem part of the Pan)p«is the up|K'r mass (to a certain extent 
atrati£ie<l) generally consists of hard toaa-HH'k, and the lower part 
of red Pampean mud, often iistdf divided •into two or more masses, 
var 3 ring in colour and in the fjuantily of incliuksl calcareous matter. 
In western Banda Oriental, bi'ds of a similar nature, but of a greittcr 
ago, conformably un<lerlie and are intercalated with the regularly 
stratihed tertiary fonnation. As a general rule, the marly con- 
cretions are arranged in horizontal lines, sometimes united into 
irregular strata : surely, if the mud had been tuinultuoiisly di'penitcd 
in mass, the included calcareous matter would have segregated itself 
irregularly, and not into nodules arranged in horizontal lines, one 
above tho other and often far a]>art : this arrangement appears to mo 
to prove that mud, dillering slightly in compo.sition, was successively 
and <|uiotly deposited. Uii tho theory of a debacle, a prodigious 
amount of mud, without a single pehhle, is supposed to liave been 
borne over the wide surface (/F tho Pampas, wljcn under water : on 
the other hand, over the w hole of Patagonia, the same or another 
debacle is supposed to have borne nothing but gravel, — the gravel 
and the fine nuid in the ncighbourivpod of the Ilios Negro and Colo- 
ra<lo having been borne to an ecpial distance from tlie Cordillera, or 
imagined lino of disturbance : assuredly din*ctiy opposite effects 
oiigiit not to be attributed to the same agency. Where, again, could 
a mass of fine sedimerU, charged with calcaremis matter in a fit state 
for chemical segregation, and in quantity sufficient to cover an area 
at h’ast ToO miles long and 400 miles broad, to a depth of from 
twenty or thirty feet to a hundred feet, have been accumulated, ready 
to be transported by the siij»poscd debacle ? To iny mind it is little 
sliort of demonstration, that a great lapse of time was necessary for 
the production and deposition of the enormous amount of mud-like 
matter forming the Pampas ; nor should I have noticed tho theory 
of a debacle, had it not biH'ii adducc<l by a naturalist so eniincut 
as M. d'Orbigny. 

A second tiieory, first suggested, I believe, by Sir W. Parish, is 
that the Pampean formation was thrown down on low and marshy 
plains by the rivers of this country before tlicy assumed their pro- 
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scut courses. The appearance and composition of the deposit, 
the manner in which it slopes up and round ilie primary ranges, 
the nature of the underlying marine beds, the estuary and sea- 
shells on the surface, the overlying sandstone beds at M. Iler- 
moso, are all quite oj;)posed to this view. Nor do I believe that 
there is a single instance of a skeleton of one of the extinct mam- 
mifcrs having been found in an upright position, as if it had been 
mired. 

The third theory, of the truth of which I cannot entertain the 
smallest doubt, is that the Pampean formation was slowly accumu- 
lated at the mouth of the former estuary of the Plata and in the sea 
adjoining it. I have come to this conclusion from the reasons 
assigned against the two foregoing theories, and from simple geogra- 
phical considerations. From the numerous shells of the Azara 
labiata lying loose on the surface of the plains, and near Buenos 
iVyres embedded in the tosca-rock, we know that this formation not 
only was formerly covertjd by, but that the uppermost parts were de- 
posited in, tlic brackish water of the ancient La Plata. Southward 
and seaward of Buenos Ayres, the plains were upheaved from under 
water inhabited by true marine shells. We further know from Prof. 
Ehrenborg's examination of the twenty microscopical organisms in 
the mud round tlio tooth of the Mastodon high up the course of the 
Parana, that the bottom-most part of this formation was of brackish- 
watcr origin. A similar conclusion must be extended to the beds of 
like composition, at the level of the sea and under it, at M, Hermoso 
in Bahia Blanca. Dr. Carpenter finds that the harder varieties of tosca- 
rock, collected chiefly to the south, contain marine spongoid bodies, 
minute fragments of shells, corals, and polythalamia ; these perhaps 
may have been drifted inwards by the tides, from the more open parts 
of the sea. The absence of shells, throughout this deposit, with the 
exception of the uppermost layers near Buenos Ayres, is a remark- 
able fact : can it be explained by the brackish condition of the water, 
or by the deep mud at the boUom ? I have stated that both the 
reddish mud and the concretions of tosca-rock are often penetrated by 
minute, linear cavities, such as frequently may be observed in fresh- 
water calcareous deposits : — were they produced by the burrowing of 
small worms ? Only on this view of the Pampean formation having 
been of estuary origin, can the extraordinary numbers (presently to 
be alluded to) of the embedded mainmiferous remains be explained.* 

With respect to the first origin of the reddish mud, I will only 
remark, that the enormous area of Brazil consists in chief part of 
gneissic and other granitic rocks, which have suffered decomposition, 
and been converted into a red, gritty, argillaceous mass, to a greater 

♦ It is almost superfluous to give the numerous cases (for instance in Sumatra i 
Lyell’s Principles, vol. iii. p. 325, sixth edit.), of the carcasses of animals having 
been washed out to sea by swollen rivers ; but I may r^fer to a recent account by 
Mr. Bettington (Asiatic Soc. 1845, June 21st), of oxen, deer, and bears being 
carried into the (iulf of Cainbray ; see, also, tho account in my Journal (2nd edit, 
p. 133), of the numbers of animals drowned in the Plata during the gioat, often 
recurrent, droughls. 

H 2 
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(lp|>ih than in any oilier country which I have The niixturi* 

of niundecl grains^ and oven of small fragmenta aiid^H^diles of ijuaru, 
in the Pain{>cau mud of Banda Oriental, h evidently duo t<»the neigh* 
Imuring and underlying primary rocks. The estuary mud was drifted 
during the Pampean ]H?riod in a iiiuoli more s^uthorly course, owing 
pnibahly to the east and primary ridges Month of tlio Plata not 
having Inxm thou elevaU^I, than the mud of the fMata at pre>eiit is ; 
for it was formerly deposiUsl as far south as the Colorado. The 
quantity of cuicareous matter in this formation, c^peinally in those 
large dintricts where the whole mass pause's into tosea-y)ck, is very 
great : 1 have aln^ady remarked on the clo.s<> nsenihlanee in external 
and microscopical apjKarance, Ix^tween this tosea-roek anti the strata 
at l’ot|uiinl)o, which have certainly resulted from tin* decay and 
attrition of reevnt shells :* 1 tlare not, however, extend tliis eonelu- 
siun to the calcareous r<H:ks of tlie PampiOs inort* e'^|>eeial!y a-^ the 
underlying tertiary stmta in Western Banda Oiiriital, show tliat 
at that peritKl there wms a ct*piou3 emission flf carbonate of lime, in 
eonnectifoi with volcatne action. 

Tiie Pam|K*an formation, judging from its similar composition, and 
from the apparent absolute specific identity of .sf>me of its mammi- 
feruus remains, and from the generic rt^seinhlanee of others, belongs 
over its vast area — throughout Itanda < >riental, Kntre Bios, and tlie 
wide extent of the Pampas as far south as the (V)lorado, — to ilje same 
geological epoch. ld»e mauimiferous remains occur at all depths from 
the* top to the bottom td* tin* deposit; and I may add tliat nf)wher<; 
in the Pamj)as is tiiere any appearance <^f much superficial d(‘uuda- 
tion : some htuiesi whicli I found lu'ur the Onurdia del Monte were 
emlivddid ch'se t<i the surface; and tliis appears to have been the 
cum; w ith many of tho>e discov<*red in Banda Oriental : on the Ma- 
tan/iis, twenty mile> south of B. Ayres, a (jlypto«lon was emheddeil 
five feet heneatli the '»»nface; numerous remains w(,‘re found by S. 
.^l^ni/., near l.uxan, at an average depth of eighteen feet ; in Buenos 
Avres a skeleton was disinUTrtsl at |4ixty feet depth, and on the Pa- 
rana I ha>e deserihfsl two skeletons of the Mastodon only five of six 
hot ah<)S(,* tile Very base of the deposit. With r^.'spect to tlie ago 
of thi*< formation, as jndge«i of by tlie ordinary standard of the ex- 
i-tenee of nedluHca, theouly evidence within the limits of tin* true 
Pain}>as, which is at all trustworthy, is afhirded by the still living 
Az^ira Isiiig eiiiUslded in tosca-rock near Buenos Ayres. 

I mjjv add, that tlier^" are n**arlv similar fttip«tr5rial ralcarimus beda at King 
^ouml in Au*4lriilia ; and tbciic undoubtedlj havi* been found by tbo dis- 
1 (ttvi/ration of rnarim* reinuins (teH V olcanic InlaiuU, 5cc. p. 144). 1 bc*r«* is, 

howfv^T, hometiiiiv;^ very r#*markable in the freipiency of auperfirial, tliin lieds of 
«Mrfh\ c'.il :ir«‘oiiH inalti-r, in <li.Htrict8 wher»» the n.uirouriding rocks arc not caltii- 
M ij' r ( Ijjirf^rs, in a r€*ad ls.‘forp tlm CJeograpbicttl ^^ocioly ( April 

linh, IHP). .-^iid aUHiraclcMl III the AtioMkaoim, p. al7 ), btutoa tbatthia \h tbo cttnn* in 
part^ .nriil ilnp be biis ob««*rvtMl similar uppoarancca in many part* ot 

South Atrua. I In* ( i rrumMfunco of tho upporinoat atrotuin round the rugged 

Sioira \ nit.in;*, rotisisiint; uf rnlrareoiis of marly nifitter, ivithoul any covering of 
alluvia) inattfr, ntriko;* luu a» wry teingubir, in wbatnver manner we mew tbo dn- 
poiition uinl elevation of tbo Pampean formation. 
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At P. Alta, however, we have seen that several of the extinct mam- 
mifers, most charicteristic of Ihe Pampean formation, co-existod with 
twenty 8j)ccic8 of molliisca, a barnacle and two corals, all still living 
on this same coast ; — for when we remember that the shells have a 
more ancient appearance than the bones ; that many of the bones, 
tliongh embedded in a coarse conglomerate are perfectly preserved ; 
that almost all the parts of the skeleton of the Scelidotherium, even to 
the knee-cap, were lying in their proper relative positions ; and that 
a large piece of the fragile dermal annoiir of a Dasypoid quadruped, 
connected v/itli some of the bones of the foot, had been entombed in a 
condition allowing the two sides to be doubled together, it must 
assuredly be admitted that these mammiferous remains were em- 
bedded in a fresh state, and therefore that the living animals co- 
existed with the co-embedde<l shells. Moreover, the Macrauchenia 
Pata-rhonica (of which, according to Prof. Owen, remains also occur 
ill the Pampas of B. Ayres, and at P. Alta) has been shown by 
satisfactory evidence of another kind, to have lived on the plains of 
Patagonia long after the period when the adjoining sea was first 
tenanted by its present commonest molluscous animals. We must, 
therefore, conclude tliat the Pampean formation belongs, in the ordi- 
nary geological sense of the word, to the Recent Period. • 

At St. Fe Bajada, the Pampean estuary formation with its mam- 
miferous remains conformably overlies the marine tertiary strata, 
which (as first shown hy M. d’Orbigny) arc contemporaneous with 
those of Patagonia, and which, as we shall hereafter see, belong to a 
very ancient tertiary stage. When examining the junction between 
these two formations, I thought that the concretionary layer of marl 
marked a passage between the marine and estuary stages. M. 
d'Orbigny disputes this view (as given in my Jonnial), and I admit 
that it is erroneous, thongli in some degree excusable, from their con- 
formability and from both abounding with calcareous matter. It 
would, indeed, have been a great anomaly if there had been a true 
passage between a deposit contemporaneous witli existing species of 
mollusca, and one in whicli all the mollusca appear to be extinct. 
Northward of St. Fe, M. d'Orbigny met with ferruginous sandstones, 
marly rocks, and other beds, which he considers as a distinct and 
lower formation, but the evidence tliat they are not parts of the same 
with an altered ii\ineralogical character, does not appear to me quite 
satisfactory. 

In Western Banda Oriental, w’hilst the marine tertiary strata were 
accumulating, there were volcanic eruptions, much silex and lime 
were precipitated from solution, coarse conglomerates were formed, 
being derived probably from adjoining land, and layers of rf'd mud 
and marly rocks, like those of the Pampean formation, were occasion- 
ally deposited. The true Pampean deposit with mammiferous ro- 
mains, instead of as at St. Fe overlying conformably the tertiary 

• M. <rOrhignj believes (Voyage, Part. G<*olog. p. 81) that this formation, 
though, “ tres voisine de la riAtre, est n^anniotns ae beauooup anterieure a n6tre 
cr^>ation.” 
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9traU^ i« here eeeii at a lower level foUling round and iSetween tlie 
flat-toupe<l^ clift-bouttded formed l)y t!ie uplwlival and deiiuda* 
tton Of tlu'se same tertiary strata. Trio upheaval, having occurred 
here earlier than at St. Fc, may be naturiilly accounted for by the 
eonUunporaneous volcanic action. At the Bav^ncas de S, Gregorio, 
the Pam|H*aii deposit, os we have overlii^ and up furrows 
in coarse sand, pn'cisely like that now accunmlating on tlie shoals near 
the mouth of tlie Plata. I can hardly Ixlieve that this loose and 
coarso sand is contemporaneous with the ohl tertiary iitid often crys- 
talline strata of the more wc'stern parts of the provinoc ; and am 
induced to suspect that it is of subsc‘<juent origin. If that st'ction 
near C’olonia could be implicitly tnisttnl, in which, at a height of 
only fifteen feet above the Plata, a U^d of fresh -looking mussels, of an 
existing littoral species, appeared to lie betwtxm the sand and the 
Pampc*a« mud, I should conclude that Banda Oriental must have stood, 
when the coarse sand was accumulating, at (»nly a little below its 
pn^ent level, and had then subsided, allowing tlie estuary PamjH?an 
nuul to cover far and wide its surface up to a Ik ight of s<nue hundnul 
feet ; and that after this subsidence the province had K^en up- 
lifted to its present level. 

la Western Banda Orioutid, we know, from two uneipii vocal 
tioni?, that there is a mass, absuhitely undistingulshable from the true 
Pampean deposit, beneath tiie old tertiary strata. This inferior 
mass must be very much more ancient than the upper deposit with 
its rnammiferous remains, for it lies beneath tlu' tertiary strata in 
which all the shells are extinct. Ncvertlioless, the lower and ujiper 
masses, as w’cll as some intermediate layers, are so similar in ininera- 
logical character, that 1 cannot doubt that they are all of catuary 
origin, and have been derived from the same great source. At first 
it ap}x?ared to me extremely improbable, that mud (d the same nature 
siiould have been deposited on nearly the same spot, during an im- 
mense laps<.* of time, namely, from a period equivalent perhaj>s to the 
K<a:ene of KurojKJ to that of the Paiiq>ean formation. But as, at the 
very cornmenceiiicnt of the Painp(‘an ])eriod, if not at a still earlier 
j’triod, the Sierra Ventana fornuxi a boundary to the south, — the Cor- 
dillera or the ])laiiiH in front of them to the west, — the wli«>Ie province of 
Corrientes probably to th(! north, for, according to M. d’Orbigny, it is 
not covered by the Painpcan deposit, — and Brazil, as known by the 
nniains in the caves, to the north-east; and as again, during the 
older tertiary period, land alrea<ly existed in Western Banda Oriental 
and near St. Fe Bajada, as may be inferred from the vegetable debris, 
from the quantities of silicified wood, and from the remains of a 
'J’oxo<lon found, according to M, d’Orbigny, in still lower strata, we 
may concluile, that at this ancient period a great expanse of water 
was surrounded by the same rocky framework which now bounds 
the ]>la‘mB of I’umpeax formation. This having been the case, the 
eirciunBtance of sediment of the same nature having been deposited in 
the same area during an immense lapse of time, though Idghly re- 
markable, dues not appear incredible. 
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The clevcrtion of the Pampas, at least of the southern parts, lias 
been slow and interrupted by several periods of rest, as may be 
inferred from the plains, cliffs, and lines of sand-dunes (with shells 
and pumicc-pebblcs) standing at different heiglits. I believe, also, 
tliat the Pampeau mud continued to be deposited, after parts of this 
formation had alread]^ been elevated, in the same manner as mud 
would continue to bo deposited in the estuary of the Plata, if the 
mud-banks on its shores were now uplifted and changed into plains: 
I believe in this from the improbability of so many skeletons and 
bones having been accumulated at one spot, where M. Hermoso now 
stands, at a depth of between 800 and 1000 feet, and at a vast 
distance from any land except small rocky islets, — as must have been 
the case, if the high tosca-plain round the Ventana and adjoining 
Sierras, had not been already uplifted and converted into land, sup- 
porting raammiferous animals. At Punta Alta we have good evi- 
dence that the gravel-strata, which certainly belong to the true 
J\ampean period, wctc accumulated after the elevation in that 
neighbourhood of the main part of the Pampean deposit, whence 
the rounded masses of tosca-rock were derived, and that rolled frag- 
ment of black bone in the same peculiar condition with the remains 
at Monte Hermoso. 

The number of the mammiferous remains embedded in the Pampas 
is, as I have remarked, wonderful : it should be borne in mind that 
they have almost exclusively been found in the cliffs and steep banks 
of rivers, and that, until lately, they excited no attention amongst the 
inhabitants : I am firmly convinced that a deep trench could not be cut 
in any line across tlie Pampas, without intersecting the remains 
of some quadruped. It is difficult to form an o}>iniou in what part of 
the Pampas they arc most numerous ; in a limited spot, they could not 
well have been more numerous than they were at P. Alta ; the number, 
however, lately found by Sefior F. Muniz, near Luxan, in a central 
spot in the Pampas, is extr^rdinarily great: at the end of this 
chapter I will give a list of all the localities at which I have heard of 
remains having been discovered. Very frequently the remains con- 
sist of almost perfect skeletons ; but there are, also, numerous single 
bones, as for instance at St. Fe. Their ^tate of preservation varies 
much, even when embedded near each other : I saw none others so 
perfectly preserved as the heads of the Toxodon and Mylodon from 
the white soft earthy bed on the Sarandis in B. Oriental. It is re- 
markable that in two limited sections I found no less than five teeth 
separately embedded and I heard of teeth having been similarly 
found in other parts : may we suppose that the skeletons or heads 
were for a long time gently drifted by currents over the soft muddy 
bottom, and that the teeth occasionally, here and there, dropped out ? 

It may be naturally asked, where did these numerous animals 
live? From the remarkable discoveries of MM. Lund and Clau- 
sen, it appears that some of the species found in the Pampas in- 
habito<l the high lands of Brazil: the Mastodon Andium is embeddcxl 
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at great heights in Xho Conlillpra fr*nti north of tho ct|uator* to 
at letisi m far ^otiih tm Tarija; and there nt) higher land, there 
can be liule doubt that i\m Mastodon must have livtHl on the plains 
and valleys of that great range* Thc'se countrh^s, iiowevop, ap|H»ap 
too far distant for the hahitatinn of tlie individuals entombed in the 
Pampas : we must prohuhly look to nearer points, for instance to tho 
province of Corricnles, which, ais already remarked, is said not to bo 
covered by the Pampi'Jin formation, and may thert*fore, at the ]KTiod 
of its deposition, have existed as dry land. 1 have already given my 
reasons for believing that the animals embedded at M. Hennoso and 
at P. Alta in Hahia Blanca, lived on adjoining land, formeil of 
parts of the already elevated PamjH*an <leposit. With respect to the 
fot)d of these many great extinct (piadnipeds, I will not repeat the 
facts given in my Journal (secemd etlit. p. So), showing that lliere 
is no correlathm between tiie luxuriance of the vegetation of a country 
and the size of its inainmifv'pms inhabitants. 1 do not doubt that 
large animals could now exi-t, as far as the* ainotujt. not kind, of 
vegetation is concerned, on the sterile plains of Ihiliia Blanca and 
of the H. Negro, as w*cU as on the cipmlly, if not more sterile plains 
of Southern Africa. The climate, howevtT, may peihaps ha\e some- 
what deteriorated since tiie mammifers endnshh d at Bahia Blanca 
lived there ; for w'e must not infer, from the continiu d existence of the 
same shells on the present eoast'^, that tlu^re has been jio change in 
climate; ft»r several of these shells now rang<‘ northward along the 
shores of Brazil, where the most luxuriant vegi^tation tlourishe-; under 
a trojdcal temperature. With respect to tiie extinction, which at 
first iills the mind with aNtonisliment, of tlic many gn at and small 
iiiammiffTS of tliis period, I may aNo refer to the work a]>ove cit<‘d 
(second edit, jo I7d), in wiiich I have end<-avt)ured to show, that 
however unable wo may lx* to explain the preei'^e cause, we ought 
not properly to feel more surprised at a sjiecies iK-coming extinct, 
than at one being rare ; ami yot we are aceustonuMl to vit^w tlie 
rarity of any [)artioular sjiecies as ai^ ordinary event, not reipiiring 
any extraordinary agency. 

Tin? several maniinihrs embedded in tin* l\amp»can formation, 
\shicli mostly Ix'long to extinct genera, and some even to extinct 
families or orders, and which differ nearly, if not <|uite, as much 
as do the Kocene mammifers of Europe from living rjuadrupeds 
having existed contemporaneously witli molluHca, all still inliahitirig 
the adjoining s(>a, is certainly a most striking fact. It is, how- 
ever, far from being an isolated one; for, during the late tertiary 
deposits of Ikitain, an elephant, rliinoceriis, and liippopotamns 
co-existed with many recent land and frchh-water shells; and in 
North America, we have the Ixrst oviTicnce that a mastodon, 
elephant, megatheriiirn, mcgalonyx, inylodon, an extinct horse and 

* Humboldt Htate« that rtift ISlastodon has been (liarovor«^d in New Granada: it 
hits foujul in tjuito. When at Lima. I nnw a tooth of a Maitodon in the j>os- 
aeasion of Don M. Uivoro, found at lUnya (djica on th« Maranon, near the 
Ciuallaga. V.vcry f<nc baa beard of the numerous remaina of Maatodon in liolivia. 
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OX, likewise co-existed witli numerous land, fresh- water, and marine 
recent shells.* fTlio enumeration of these extinct North American 
aniinalH nat\irally leads me to refer to the former closer relation of the 
maminiferous inhabitants of the two Americas, which I have dis- 
cussed in my Journal^and likewise to the vast extent of country over 
whicli some of tlieiu ranged : thus the same species of the Mega- 
therium^ Mtgalongj;^ Eqiius (as far as the state of their renjains per- 
mits of identification), extended from t)»e Southern United States of 
North America to llahia Blanca, in lat. 3.9^ S., on the coast of 
Batagonia. Tiie fact of these animals having inhabited tropical and 
temperate regions, does not appear to me any great difficulty, seeing 
that at the Cape of Good llope several quadru])eds, such as the 
elephant and hippopotamus, range from the equator to lat. 35® south. 
'I'he ciuso of the MamdifU Andnuu is one of more difficulty, for it is 
found from lat. 30® S., over, as I have reason to believe, nearly the 
whole of Brazil, and up the Cordillera, to regions whicli, according 
to Af. d’Orbigny, border on perpetual snow% and which are almost 
destitute of vegetation : undoubtedly the climate of the Cordillera 
must have been diffen'ut when the mastodon inhabited it ; but we 
should not forget the cas(‘ of the Siberian mammoth and rhinoceros, 
as showing how severe a climate the larger pachydermata can endure; 
nor overlook the fact of tlic guanaco ranging at the present day 
over the liot low de^o^ts of Peru, the lofty jiinnacles of tlie Cor- 
dillera, and the damp forest-clad land of Southern Tierra del Fuego ; 
the puma, also, is found from the equator to tlie Strait of Alagellan, 
and I have seen its footsteps only a little below the limits of perpe- 
tual snow in the Cordillera of Chile. 

At the period, so recent in a geological sense, when these extinct 
mainmifers existed, the two Americas must have swarmed with 
quadru]n*ds, many of tliem of gigantic size ; for, besides those more 
particularly referred to in this chapter, we must include in this same 
period those wonderfully numerous remains, some few of them 
s}K‘cifieally, and others goneri^ally related to those of the Pampas, 
disco verc(l by AIM, Lund and Clausen in the caves of Brazil. Finally, 
the facts here given show^ how cautious we ought to be in judging of 
tlie antiquity of a formation from even a great amount of diflercnce 
between tlie extinct and living species in any one class of animals; — 
w’O ought even to be cautious in accepting the general proposition, 
that change in organic forms and lapse of time are at all, necessarily, 
correlatives. 

• IVlttny orif^inal observations, and a summary on this subject, are given in 
INlr, lyell fi pauer in the (Jeolog. Proc. vol, iv. p. 3, and in his Travels in North 
America, vol. i. p. 104, and voJ. ii. p. 00. For the Kuropean analogous cases, see 
Mr. J. yell’s Principles of Geology (^Gth edit.) vol. i, p. 137. 
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Loculiiie$ ttiikin the region of tht Pampeu whert bont9 bHnfoutul, 

Th« fijilowing Ii«tt which inclu^l^^s orttry account which 1 have hitbefto met with 
of tho discovery of fossil mamnjtfou>us remain# in the Tjiaiiws, may he heioaftor 
usk>rul to a geologist investiguting this regiost. and ittfetids to show their oatru- 
ortlinary abundance. 1 heard of and saw many fusails, the origiual piwitiori of 
which 1 could not ascertain ; and 1 roceivoii many stAtemouts too vague to he here 
iusorted. Uegiuirug to the south — we have the two atntions in Uahta llUnca, 
described in tins chapter, where, at P. Alta, the Megathenuni, Mogalonyx, Sceli- 
dotheriuixi, Mylodon, llolojdiirictuv (or an aliiinl genus ^ tovodon, Macrauchenia, 
and un K«pius were co lies' t ed : and at M. Ilermoso a Ctenornys, tiydrochn'rua, 
some other r<'Nl»*nts and the b'Oje.s of a great niegatheroul <|u»druptd. (’lose north- 
e.ut of the S. l apaliTuen. we have the •* llut*^os" ( i. e, baaet), which pro- 
bably takes us name uorn large |oa.-»it hones. Near \ iIU Nuevo, and at Iami 
A w rj is, II. -t Ur from the Suhi |o, three ne.trlv perf»*ct ske}ett)us, one of the Mega- 
therium. tme of th** Gt^ytinhn clariptx, and one of aome great Uiisypoid ']ua- 
drijpeil, were fo iiui by the agent of Sir V\ . I’arnh t^ee hii work Huetios Ayreji, 

p. 171). I huve the tv><.4h of a Miialodon from the SaUdo ; alittlo north- 
w irvi of this river, on the holder-* of a lake near the ki. del Monte, I aaw many 
and one lar;/e piece of liernial ’armour, highpr up the Salado, there is a 
pi ice called M .'nto ‘!lue%o.5.” On the .Mataruus, about twenty miles aouth of 
iiuervoH Ayres, llie ♦.k.eb-Joti (ride p. ITH. of HueliO', AyreS, iSlc. hy Sir W. Piirish) 
of a <»lvpi*,Hlon vMw found ubr*ut hve feet iHjneath the surface; here aUo (»e«» Cat, 
of Ivoyal Colle^^o of Surgeooat remains of iHyptorloifi f». orrj/i/ujr, and 

(r. reiiciilaiiu were found. Signor Angeln, in a letter whicli 1 have aeen, r**f»*rs 
to Homo grout remainH found in lUionos Ayres, at a depth of twenty varas from the 
surface. Seven leagues north of this cilv the same uuih\)r found the skeletons ol 
Mrjlodon robtuiu* and filyptotlon omaiu4. From this tieighhourliood h« has 
lately Mmi to the liriti-'h .Museum tin* ioll.)wing fouHtls ; — llernruna of three 
or four individual's of Megatherium ; of tliree species of CilvpOxjon ; of three in- 
diviiliinl.s of tlio Ma^t'/don andium, uf Macrsuchenia ; of w second species of 
roxo<jon, different from T, platenmH ; and lusllv. of the M ^<;h'<iir(nius, »* wonder- 
fni large carnivorou.s anirnai. M, d'Orhigny Ihh latelv received from the Koco* 
l.jte ; Voyage, Ihil. p. 144), near H. Ayres, a iwjth of Tox^nlon platenaU. 

Proceeding northward, along the west hank of the Parana, wc come to the. Uio 
f.uxan, where two skeletons <jf the Megatherium have been found ; and lately, 
w ithin eight leagues of the town of Luixan, Dr. F. .\. Muni/, has collected ( Hrilisii 
J’ucket, Huciios Avres, Si'ptcmher 2«>th, UUI), from an average depth of oiglitccn 
feet, verr numerous remains, of no less ll)iti,^s he helicves, nine distinct atM»ciesof 
m immiftos. At Areco, large h*.»nes have been found, which ar« believed, by the 
irilnhimnfs. to have heen changed fioin Hioall hones, by the water of the river ! 
\f Arrecifes, tlie (ilypfodon, sent to the College of Surgeons, waa found ; and I 
havA ^t*on two teotli of a MastO‘ion fiom this quarter. At S. Nicolas, M. d'<4r- 
bigny found remain’* of a Canis, f'toiiumya, and Kerodon ; and M, IsHhelte (p. 332, 
Voyage) refers to a gigantic Armai,iillo found there. At S. (’urlot, I heard of 
great hones. A little Indow' the mouth of the (larcarann, the two ikelotons of 
M ist/idon w ere found ; on the. bunks of this river, near S. Miguel, I found teeth of 
the Mastodon nnd d oxodou ; .and Falkiier (p. Ao) desciibea the osseous armour of 
->ome great animal ; I heard of many other honeH in this neighixmriiood. 1 huvo 
I nijiy add, in the possession of .Mr. Caidcleugh, tho tooth of a Ma$iodon 
rtndiifm, said to have been lound in Paraguay; 1 may burn also refer to a itato- 
m- Mt in this genileinan’M travels (vol, i, p. 48). of a great skeleton having been 
to'iud in the province of Polivia in Hmr.il, on the R. de las (.^ontas, 'rhofartheit 
point we>iward in the Pampas, at which 1 have he.ard of foasil hones, was higli up 
on thf hanks of tJje H. (,)ijinto. 

In Fntrc Rios, besides Ihc remains of the Mastodon, Toxodoo, Erjmn, ami a 
great Disypoid quadruped near Sf. Fc Hujada, I received an account of bones 
having been found a little S.K. of I*. ( iordn (on the Parana), and of an entire 
'-kelnton at Mat.ui/,a.s, on the Arr«iyrj del Animal. 
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In Tlunda Oriental, begides the remains of the Toxodon, Mylodon, and two 
skoletons of groat animals with osseous armour (distinct from that of the Glypto- 
don), found on the Arroyos Sarandis and Borqutdo, M. Isabelle (Voyage, p. 322) 
says, many bones havt^ Been found near the R. Negro, and on the R. Arapey, an 
affluent of the Paraguay, in lat. 30° 40^ south, I heard of bones near the source 
of tbo A, Vivoras. 1 saw ^he remains of a Dasypoid quadruped from the Arroyo 
Seco, close to Al. Video; and M. d’Orbigny refers (Voyage, Geolog. p. 24) to 
anoliier found on the Pedernal, an affluent of the St. Lucia ; and Signor Angelis, 
in u letter, states tljat a third skeleton of this family has been found near Cane> 
lones. 1 saw a tooth of the Alastoiion from Talas, another affluent of the St. Lucia. 
The most eastern point at which 1 beard of great bones having been found, was 
at Solis Grange, between M, Video and Maldonado. 
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/Vio — S\ Jutff - - pirt Dei^trf^ u hitf pumicf*itt4i mudttonf tctth iw/n/c^^ki — 

P'>rt S. J’titfiH —Santifi (VnT, btuaUic larn of— P iiaiU^jon — Kattfrn 
d^l lentf* nf eitinrl h^tt'h — Sutl>h^aty on thr Patag^man 

tff’ttarf/ /hnn>iti'tnM - Ttrttary JhriHatton* of the IlVf/f-rw i'nnstt — Phono/i 
€rHii f'hiloe gf^iop.i, f^olf'untc rockjt of ■ - (^inreprinn Sariilml — Vo*joiiH&o — 
>''omma>y — of the tertiary formnttrmjf — lAnem rf rlrration — Sittri/ied 
tr'joti — Fotnparattre ranges itf the ejtinct and iirtny tuoiiuJtra on the lFe*t 
( na.st of S. Afoertea-^ i'hmnte of the tertiary period — On the ranMt$ of the 
iihttenre of recent conchiferoHM depogit* on the coasts of S ATHerica~-On the 
('ontemporanHMtit deposition and prcMerrntion of Medtmen/ary f^rtnatious. 

lihf ye>n '<\ — I can add little to the di tail-^ i;iven hv M. d’Orhipiy* 
on the '^amlstfine hoinatifm (*f thi« di>trict. Tlu* elitT'^ to the «*outh 
(Af the river are uhout ^00 fctt in heijLiht. and are ro?hj>o.M*d <>f *#and- 
of various tints and <le;^r<vs of hardne-n, <)no laver, which 
thinned out at hotli ends, eonsisle<i of eartliv matter^ of a pale r^^l- 
di'li colour, with S'»nif‘ oyj)^nrn, and very hkt' ([ sjw^ak after compa- 
rison of tin* specimens hron^dit home) I’ainpcan mini : ahovo this 
th ere was a layer uf coin]»aet marly rock with dendritic inangancsc. 
Many block'* of a conglomerate of piynice-pehhles crnhediled in hard 
sandstone >ver«' strew^ed at the fo<>t of the clitf, and had evidently 
fallen from above. A few* miles N.K. of the t»>Nvn, I found, 
low' down in the sandstone, a Ixsl, a few inches in tliickneHS, of a 
white, friable, har^h-feeliryr s<slimcnt, which adheres to tin? tongue, 
is of easy fusibility, and of little .HjK'‘citic gravity ; exarnine<l under 
the inicroHcoj)e, it is seen to he pumiceons tuff’ formed of broken 
transparent crystals. In the clitls south (>f the river, there is, ftls^o, 
a thin layer of nearly Htrnilar nature, hut finer jjrained, and not fcto 
white; it mlglit easily have b<*en mistaken for a calcareous tuff, but 
it contains no lime : this Hnbstance precisely rewnubles a most widely 
extende*! and thick formation in Hontliern Fatagonia, berc»aftcr to be 
dfscrihef], and which is reinarkalde for being partially formed of infu- 
soria. I hcHc beds, conjointly with tin' conglomerate of pumice, arc 
mt( resting, as showing the nature of the volcanic action in the Cor- 
ujllcra during this old tertiary period. 

♦ Voyap^ft ( Vurt. CUulog.) p. 57 to 65. 
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III a bed at the base of the southern clifls, M. d'Orbigny found 
two extinct frobhiwater shells, namely, a Unio and Chilina. This 
bed rested on one with bones of an extinct rodent, namely, the 
Meijamys PaUujoniensu ; and this again on another witli extinct 
marine shells. The species found by M. d'Orbigny in difi’erent parts 
of this formation consist of, 

1. Ostrea Patagonica, d’Orbig., Voyage 3. Ostrea Alvarezii, d’Orbig. Voyage 

Pul. (also at St. and whole coast Pal. ( also St. Fe and S. Josef), 

of Patagonia), 4. Pecleri Patagoniensis, do. 

2. Ostrea Ferrarisi, do, 5. \'enus jMunsierii, do, (also St, Fe). 

6. Area PoopJaiidiana, do. (do.) 

According to M. d'Orbigny, the sandstone extends westward along 
tlio coast as far as Port S. Antonio, and up the R. Negro far into 
the interior : northward I traced it to the southern side of the Rio 
Colorado, where it forms a low denuded plain. This formation, 
though contemporaneous witli that of the rest of Patagonia, is quite 
diifc’rent in miucralogictil com])osition, being connected with it only 
by the one thin white layer : this difference may be reasonably attri- 
buted to the sediment brought down in ancient times by the Rio 
Negro ; by which agency, also, \vc can understand the presence of 
the fresli-water sludls, and of the bones of land animals. Judging 
from the identity' of four of the above shells, this formation is con- 
temporaneous (as remarked by M. d’Orbigny) with that under the 
Painpean deposit in Entre Rios and in P>anda Oriental, The gravel 
ca])ping the sandstone plain, with its calcareous cement aud no- 
dules of gy'psum, is probably', from the reasons given in the fir-t 
c]iaj)ter, contemporaneous witli the uppermost beds of the Pampenii 
formation on tlio upper plain north of the Colorado. 

San Josef. — My' examination here was very short : the cliffs are 
about 100 feet bigh ; the lower third consists of yellowish-brown, 
soft, slightly calcareous, muddy sandstoiu', parts of which when 
struck emit a fetid smell. In*this bed the great Ostrea Patayonica., 
often marked with dendritic manganese and small corallines, were 
extraordinarily iuiuktous. I found here the following sheila : — 

1. Ostrea Patagonica, d’Orbig. Voyage Pal. (abo at St. Fe and whole coast of 

Patagonia). 

2. Ostrea Alvarezii, d’Orbig. V, Pal. (also St. F6 and R. Negro.) 

3. Pecten Paranensis, d’Orhig. V. Pal., and PI. 111. f. 30 of this W’ork (also 

St. Ff*. S. Julian, and Port Desire). 

4. IVcion Darwinianus, d’Orbig. V. Pal., and FI. HI. f. 28 and 29 (also St, F^), 

5. I’eclen actinodes, G. R. Sow., PI. 111. f. 33. 

6 . Terebraiula Patagonica, G. 13. Sow., PI. II. f. 26 and 27 (also S, Julian). 

7. Casta of a Turritella. 

The four first of these species occur at St. Fe 4n Entre Rios, and 
the two lirst in the sandstone of the R. Negro. Above this fossili- 
ferous mass, there is a stratum of very fine-grained, pale brown 
mudstone, including numerous iaminoe of selenite. All the stnita 
aj>])ear hori/.<>utal, hut, wlicu followed by the eye fur a long distance, 
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they im mm to hutt it inuiU «fluitorif On iho Aitrfitoe wn imve 
the {lorphyriilc gntvelf and on H md wiUt leeeni alndbi. 

Ifwm GhI /. — Ffoin eixtcimene and iiotea gtfm m by liWuL 
StokecK it appears that the lower bed cotsettie of eoft mnddy Hand- 
atone^ like tliat of S. Joeef^ with many iiti|4brfcict »heUi» ineluding 
the P^im Pamnm^4^ d'Orbig., caate of a Tiinitella and SinileUn. 
On thi^ ihore are two atrata of the pafe brr>wii modjrtone, al^ Uko 
that of S. ao|>arat»}d by a darker oohHmHb more armllaeeouH 

variety^ tiicUtding tlie OtirM Pata^nim, l*rof» Ehreiiherg lias 
exxitiiincd this modstone for me : he hiidi* in it three already known 
microoicopic organisms, eundofad in a finograini’d pumiceems tud*, 
which ( sliall hate immediately to dcsicribe in detail. 8fHTtmenH 
brought to me from the upjH»nuost U'd, uorlli of the Rio Chupat, 
conaint of this same attli«tanc<% hut of a w hiter a»loiir. 

Tertiary strata, such as are hert? deserilxxl, apfw^r to extend along 
the whole coast hetwmi the Rio Chupat Aud Port IK-Hins, CXWjit 
where intemipteil hy the underlying claystone porphyry* and hy 
some metaiuoryihic rtxks; tlH*se hanl rocks, 1 inn) add, arc found at 
intervals over a space of about fivi? degfees of latitude, fftnn Point 
Union to a j>oint between Port S* Julian and S. Crux, and wrill Iw 
dt^scriliod in the ensuing chapter. Many gigantic HjH’ciinens of tlic 
PiWv/onioi were collected in the (tulf of St. (icorge. 

Pvrt Desirtf , — A good iMctiofi of the bwost fojisiliferous m.is^ 
about forty feet in tliickncsia, resting on clayjitone porphyry, is ex- 
hibited a few* miles south of the harbour. The sliells sutliciciitly 
fKjrfect to be rocognifjed consist of, 

1. 0»trp» PatxgODiea, d'Ofhi^. (.lUo ai Sr. » atnl whole coa#! of l‘ii!ouoMir4). 

2. IVeten Paninofj*is, d'drhitf. Vov. ral., and PI. iU. f. .30 of this work (9 Ia^> 

at St. Vv, S, Josff, Juloirj), 

3. l’ort<“n ccnrri^liji, (i. H. S<n»er., PI. III. f. 31 («l»o S. Juhan and S. (..’ru*). 

4. ('ucuilara aha. d«., P). IL f. '22, 23 (iil*o S. {'tin}. 

'>. Norula ornaftt, do., PI 11, f. Ifi. • 

(», rurrifella PaUiConten, do., PI. HI. f, 48. 

llic fussilifcnois strata, where not denuded, are conforniahly 
covered by a c(ursnhjrahle thicknese of the fine-grained puiuiccous 
mudstone, divided into two maseee : the lower half is very fino- 
gmlned, slightly unctuous, and so compact as to break with a semi- 
conchoidal fracture, though yielding to the nail i it includes laininm 
of selenite : the upper half precisely resembles tlio one layer at the 
Rio Negro, and, with tlio exception of being whiter, the upper beds 
at San Josef and Nuevo Gulf. In neither mass is there any trace to 
the naked eye of organic forms. Taking •the entire deposit, it is 
generally rpiite whiU% or ycllowisli, or feebly tintcil with green ; it is 
either almost friable under the Bnger, or as hard as chalk ; it is of 
easy fusibility, of little specific gravity, is not harsh to the touch, 
atlheres to the tongue, and wdieii breathed on oxhales a strong ahnni- 
nouH o<lour; it sometimes contains a very little calcareous matter, and 
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traces (besides the included laminee) of gypsum. Under the mi- 
croscope, according to Prof, Ehrenberg,* it consists of minute, tritu- 
rated, cellular, gu^y fragments of pumice, with some broken crys- 
tals. In the minute gla^y fragments, Prof. Ehrenberg recognises 
organic etructuros, whi^ have been affected by volcanic heat : in the 
specimens from this ^lace, and from Port S. Julian, he finds sixteen 
Polygastrica and twelve Phytolitharia. Of these organisms, seven 
are new forms, the others being previously known : ail are of marine, 
and chiefly of oceanic, origin. This deposit* to the naked eye re- 
sembles the crust, which often appears on weatliered surfaces of feld- 
spathic rocks ; it likewise resembles those beds of earthy feldspatbic 
matter, sometimes interstrati fied with porphyritic rocks, as is the 
case in tliis very district with the underlying purple claystone por- 
phyry. From examining specimens under a common microscope, 
and comparing them with other specimens undoubtedly of volcanic 
origin, I had come to the same conclusion with Prof. Ehrenberg, 
namely, that this gi^at deposit, in its first origin, is of volcanic 
nature. 

Port S, Julian , — On the south side of the harbour, the following 
section, which I here repeat, gives the nature of the beds seen in the 
cliffs of the ninety feet plain. Beginning at the top, — Ist, the 

NO. 17. —SECTION OP TUE STRATA EXHIBITED IN THE CLIFFS OF THE 
90-feet plain at PORT 8. JULIAN. 



earthy mass (A A), including the remains of the Macrauebenia, with 
recent shells on the surface ; 2nd, the porphyritic shingle (B), which 
in its lower part is interstratifled (owing, I believe, to redeposition 
during denudation) with the white pumiceous mudstone ; 3rd, this 
white mudstone, about twenty feet in thickness, and divided into two 
varieties (C and D), both closely resembling the lower, fine-grained, 
more unctuous and compact kind at PoH Desire ^ and, as at that 
place, including much selenite ; 4th, a fossiliferous mass, divided 
into three main beds, of which the uppermost is thin, and consists of 
ferruginous sandstone, with many shells of the great oyster and 
P€ 4 :ten Paranensis; the middle bed (E) is a yellowish earthy sand- 
stone abounding with scutellee ; and the lowest bed (F) is an indu- 
rated, greenish, sandy clay, including large concretions of calcareous 
sandstone, many shells of the great oyster, and in parts almost made 
up of fragments of Balanidee. Out of these three beds, I procured 
the following twelve species, of which the tivo first were exceedingly 

♦ Afnniiishorirhten der Kdniff. Akad. au Berlin, Tom April, 1845. 
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numtffoim in invVivUlualA, as were tlic Tercbmtul® and Turrit^jlte in 
certain layers ; — ^ 

1. Oiinii P»ugoQtca, <i’Orb. Voj^age P*l. (aI»o »l Si, F6 and ^hol® coast of 

Paugonu), 

2. Pecten Paraoeoaii, d’Orbig. do., and PL 11!. f. 30 of tbit work (St. Fc, 

8. Jo»ef, Pori Desire L . 

3. Peeien cemndi*. G. H, Sower., PL HI. f. 31 (aliO P, Desire and S. Cfu»). 

4. Pecteo gemiimtua, do., PL 11, f. ‘24. 

5. Terebraiula PaUgonica, do., PL ll.i'. 26 and ‘27 (also 8. Joaef), 

6. StruthioWia ornata, dd.. PL IV. f. 62 (also S. Crus). 

7. Fusus Pitagontcus, do., PI. IV*, f. 60. 

8. Fu-hus Noacbinus, do.. PL IV. f. 58 and 50. 

9. ScaUrit rugulosa, do., PL 111. f. 4*2 and 43. 

lU. I'u.ritolla ambulacrum . do., PL 111. f. 49 (iNo S, Out). 

n. Pvrula, cast of, like P. rentncOHu of Sower., l\ink I'ai. 

1*2. HaUnus varisina, G. H, Sower., PL II. I. 4, .'i, 6, 

13. Scuttflla, didering from tbo Ayecies from Nuevo Gulf, 

At the hcjid of the inner harbour of P. .S. Julian, tho 
nia^is is not displayetl, and the from wnter’?* odjq;e ly a 

hei;;ht of between 100 and 200 feet are formed of tlu* wluU? pu- 
luiceous mudstone, wbich hero includt'S innuuier.ihle, far-i xU udeii, 
sometimes horizontal, sometimes inclined or vertical hiinlim* of trann- 
parent gypsum, often about an inch in thlekne‘*.‘>. Further inland, 
with the exception of the supcrticia! gravel, the whole lhickne^s of 
the truncated hills, which reprotiont a formerly continuous plain 9.50 
feet in height, apj^ears to be formed of this white mudstone : here 
and there, however, at various heights, thin earthy layers, containing 
tho great oyster, PtcU’ii Ai#viwe«,vM and Turritdla ainbulacrnin^ 
are iuterstratifusl ; thus .showing tliat the whole mass belongs to the 
.s»aine epoch. I nowhere found even a fragment (»f a hhell actually 
in the white deposit, and only a single cast of a TurriUdla. Out of 
tiie eighUs*n microscopic organisims iliscovered by Kiirenberg in the 
sj)ecimeDS from this place, ten are conimou to the same deposit at 
Port Desire. I may add that specimens of Uii« wliite inudstoiK», 
with the same identical characters were brought tne from two points, 
— one twenty miles north of S. Juliaif, where a wide gravtd-capped 
j)l;»in, 350 feet in height, is thus composed ; and tlie other forty 
miles south of S. Julian, where, on the old charts, the cliflfs are 
marked as “ Chalk 


Santa Cruz. — The gratcl-eappcd clifts at the mouth of tlic river 
are 355 feet in height ; tho lower part, to a thickness of fifty or 
sixty feet, consists of a more or less hardened, darkish^ muddy or 
argillaceous sandstone (like the lowest beil of Port Desire), con- 
taining very many shells, some sllicifietl and some con verted into 
yellow calcareous spar. The great oyster is hero numerous in layers ; 
the Trigonocelia and Turritella are also very numerous : it is remltrk- 
ahle that the Pecten ParanensM, so common in all other parts of the 
coast, is here absent : th4 shells consist of, 

1. Owirea PaiHgonirH, d’Orbij^. Voyngf) Pal. (also at St, F6 and wbola coait of 
Patagoma), 
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2. Ptfetoii oeutr«Ii9, G, B. Soweib/, PI. III. f. 31 (alio P. Daiire aad 8. 

Julian), t 

3. Ventii maridiomlii of G. B. Sowoib?. PL II, f, 18. 

4. Craiiatella L/allii, do. PL II. f. 10. 

6. Cardhim pnolchum, do. PI. II. f. 15. 

6. Cardita Patagonicai do. PL 11. f. 17. 

7. Mactra rugatii do. PL 11. f. 8. 

8. Maetra Darwinii, do. PI. II, f. 9. 

9. CuculiaBa alta, do. PL II. f. 22. 23 (aUo P. Deaire). 

10. Trigonocelia inaoUta, do. PL II. f. 20, 21. 

11. Nucala (I) giabra, do. PL II. f. 18. 

12. Cre|>i<lo1a gregaria, do. PL in. f. 34. 

13. Voluta alta, do. PL IV. f. 76. 

14. Trocbua coUaria, do. PL III. f. 44, 45. 

15. Nadca tolida (1), do. PL III. f. 40, 41. 

16. Stnitbiolaria ornata, do. PL IV. f. 62 (alio P. Deaire). 

17. Turritella ambulacrom, do. PL 111. f. 49 (also P. S. Julian). 

Imperfect Oragmenta of the genera Byasoar^, Artemis, and Fusua. 

^he upjper part of |he cliff is generally divided into three great 
strata, differing slightly in composition, but essentially resembling the 
pumiceous mudstone of the places farther north ; the deposit, how- 
ever, here is more arenaceous, of greater specific gravity, and not so 
white : it is interlaced with numerous thin veins, partially or quite 
filled with transverse fibres of gypsum * these fibres where too short 
to reach across the vein, have their extremities curved or bent : in 
the same veins with the gypsum, and likewise in separate veins as 
well as in little nests, there is much powdery sulphate of magnesia 
(as ascertained by Mr. Reeks) in an uncompressed form : I l^lieve 
that this salt has not heretofore been found in veins. Of the three 
beds, the central one is the most compact, and more like ordinary 
sandstone : it includes numerous Battened spherical concretions, often 
united like a necklace, composed of hard calcareous sandstone, contain- 
ing a few shells : some of these concretions were four feet in diameter, 
and in a horizontal line nine feet apart, showing that the calcareous 
matter must have been drawn to the centres of attraction, from a distance 
of four feet and a half on both sides* In the upper and lower finer- 
grained strata, there were other concretions of a grey colour, con- 
taining calcareous matter, and so fine-grained and compact, as almost 
to resemble porcelain-rock : 1 have seen exactly similar concretions in 
a volcanic tufaceous bed in Chiloe* Altfiough in this upper fine- 
grained strata, organic remains were very lare, yet I noti<^ a few 
of the great oyster ; and in one inoladed soft ferruginous layer, there 
were some specimens of the CucuUcea altA (found at Port Desire in 
the lower fossiliferous mass) and of the Mactra which latter 

shell has been partially converted into gypsum. 

In ascending the valley of the S. Cruz, the unper strata of the 
coast'-clifib are prolonged, vsitb nearly the same characters, for fifty 
miles: at about this^ point, they l^n in^the most gradual and 
scarcely perceptible manner, to be banded with white lines ; and after 
ascending ten miles furilier, we meet with distinct thin layers of 
whitish, grecnisli, and yellowish fine-grained, fusible sediments. At 

I 
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'file tipper half of the sedimentary mass, wftdcr the lasaltic lava, c<m- 
sista of innumerable zones of perfectly white, bright gretm, yellowish 
and brownish, fine*grainod, sometimes incoherent, st^iinieniary matter* 
The white, pumiccous, tracbytic tufT-likc varieties arc of ratlicr greater 
specific gravity than the pumiccous mudstone on the coast to the north ; 
some of the layers, especially the browner ones, are coarser, m that the 
broken crystals are di-^tinguishable with a weak Urns, llie layers 
vary in character in short distances. With tlie exception of a few 
of the Osfrea Paia^onica^ which appeared to have rolled down from 
the cliff al>ove, no organic remains were foomh The chief dif- 
ference between these layers taken as a whole, and the upfier beds 
IkaiIi at the mouth of the river and oirthe coam noriliward, seems to 
lie in the occasional presence of more colonring matter, and in the 
supply having been intenniitent ; these characters, as we have seen, 
very gnulually disappear itl descending the valley, and this fact may 
jHrliaps be accounted foT^ by the currents of a more open sea having 
hleiidcd together the sediment from a distant and intermittenl source* 

Tlko coloured lasers in the foregoing aectioo rest on a mass, appa- 
rently of groat thickness (but much hidden by tbo talus), of soft 

^ At this spot, for % space of Uiroo qssilers of a mils sloag tbs nortb slds of 
tlie rirer, and for a width of half a mds, thsrs bii been s grest slip, wMeb baa 
f(>ran}<l hiUs belircen 60 and 70 feet in height, %n4 has tiltsd tbs iirsta into 
highly inclined and even vertical f>oailiona* Che firsts gtnsmlly difipsd si s» 
«ngh* of 45'" towards the cliff from which they bsd ilided* 1 hsvs olierved in 
Ml pH, both on a ^malt and Ijirge scale, that this inward dip is rsiy jjsnsrsh I* *t 
one to ihf, hydrostatic pressure of water porcoliting with dliBctiHy through lbs 
strata, uctinjf with greater force at iho boss of tbs msia than against tbs tapper 
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sandstone, almost composed of minute pebbles, from one-tenth to 
two-tenths of an ilich in diameter, of the rocks (with the entire excep- 
tion of tho basaltic lava) composing the great boulders on the sur- 
fiwe of tho plain, and probably composing the neighbouring Cor- 
dillera. Five miles iiigher up the valley, and again thirty miles 
higher up,* (that is twenty miles from the nearest range of the 
Cordillera) the lower plain included within the npper escarpments, 
is formed, as seen on the banks of the river, of a nearly similar but 
finer-grained, more earthy, laminated sandstone, alternating witli 
argillaoeoui^beds, and containing numerous moderately sized pebbles of 
the same rocks, and some shells of the great OHrea Patagonica. As 
most of these shells bad been rolled before being here embedded, their 
presence does not prove that the sandstone belongs to the great Pata- 
gonian tertiary formation, for they might have redeposited in it, 
when the valley existed as a sea-strait ; but as amongst the pebbles 
there were none of basalt, although the cHfls on both sides of the valley 
arc composed of this rock, I believe that the sandstone does belong to 
this formation. At the highest point to which we ascended, twenty 
miles distant from the nearest slope of the Cordillera, I could see the 
horizontally zoned white beds, stretching under the black basaltic lava, 
close up to the mountains ; so that the valley of the S. Cruz gives a 
fair idea of the constitution of the whole width of Patagonia. 

Basaltic lat>a of the S. Cruz* — ^This formation is first met with 
sixty-seven miles from the mouth of the river ; thence it extends un- 
interruptedly, generally but not exclusively on the northern side of 
the valley, close up to tlie Cordillera. The basalt is generally black and 
fine-grained, but sometimes grey and laminated ; it contains some 
olivine, and high up tho valley much glassy feldspar, where, also, it 
is often amygdaloidal ; it is never highly vesicular, except on the 
sides of rents and on the upper and lower, spherically laminated sur- 
faces. • It is often columnar ; and in one place I saw magnificent 
columns, each face twelve feef in width, with their interstices filled 
up with calcareous tufif. The streams rest conformably on the white 
sedimentary beds, but I nowhere saw tho actual junction ; nor did 
I anywhere see the white beds actually superimposed on the lava ; 
but some way up the valley at the foot* of the uppermost escarp- 
ments, they must be thus superimposed. Moreover, at the lowest point 
down tho valley, where the streams thin out and terminate in irre- 
gular projections, the spaces or intervals between these projections, 
aro filled up to the level of the now denuded and gravel-capped sur- 
faces of tho plains, with the white-zoned sedimentary beds ; proving 
that this matter continued to be deposited after the streams baa 
flowed. Hence we may coi^Iude that the basalt is contemporaneous 
with the upper parts of the great tertiary fonnation. 

The lava where first met with is 130 feef in thickness : it there 

I found at both places, but not in situ, quantities of comferous and ordinaiy 
dicotyledonous silicified wood, which was examined for me by Mr. R. Brown. 
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cocitbttowy on both sidea of the TaDqf up to a ho^i of about 
3,000 feet dole to the CwliUefti I thoi^t that the ofateni of 
(Mmplioii were mbably cloie at hand Tbb honiiooeky imfaee 1 
believe to have been canaed by the mariag and keaidiw an of di0e- 
lent atreama. In one place, there were aevefal tonnded ria|(ea abcnit 
twenty feet in height, aonio of them aa bioad at high, and eome 
broader, which oertaudy had been form^ wbibi tlie lava waa fluid, 
for In tranarme aecimsi each lidge vma seen to be concentrically 
iaminated, and to be compoeed of imperfect columna radiating from 
common cenUce, like the ipokea dt wheela* ^ 

The basaltic mam where flnt met witli ia, aa I have aat^ 130 feet 
in thickneea, and, tkirty^five tnilea higher up the valley, it inoreaaea 
to 322 feet* In the first fouiteen and a lialf miles of this diaiance, 
the upper surface qf the lava, judgtn|^ from throe meaaurenienta taken 
above the level of the river, (of which tlie appar^Uy very uniform 
inclination has been calculate from ita total height at a point 135 
roiled from the mouth) slopes towards the Atlantic at au angle of only 
qo y 20'' : this must be considered only as an approximate measure- 
ment, but it cannot be far wrong* Taking tne whole iliirty-hve 
miles, the upper surface slopes at an angle of 0^ 10' 53"; but this 
result is of no value in showing the inclination of any one stream, for 
lialf way between the two points of measurement, tlie surface suddenly 
rises bdween 100 and 200 feet, apparently caused by some of tho 
uppermost streams having extended thus far and no farther. From 
tlie measurements made at these two points, thirty-five miles apart, 
the mean inclination of the sedimentary beds, over which the lava has 
flowed, is now (after elevation from tinder the sea) only O'^ 7' 52" : 
for tho sake of comparison, it may bo mentioned that tho bottom of 
the present sea in a line from the mouth of the S* Cruz to the Fidk^ 
land Islands, from a depth of seventeen fathimis to a depth of e}ghiy<* 
five fathoms, declines at An angle of 0^ 1' 22"; between the beach 
and the depth of seventeen fathoms, the slope in greater* From a 
point about half-way up the valley, tlie basaltic maes rihei more 
abniptly towards the foot of the Cordillera, naindyt frpm 3 height of 
1 ,204 feet, to about 3,000 feet above the sea. 

This great deluge of lava is worthy, in its dimeiirieii% of the great 
continent to which it belongs. Tho agiprs^te streanis |ieie flowed 
from the Cordillera to a distance (unpamlelra, I bdiev^i to any case 
yet known) of about 100 geographical miles* Near, thl^r farthest 
extremity their total tiHckness is 130 feet* which inerjjasifi ihirt^ 
miles farther inland, os we have just seen, to 322 /eet* The least 
inclination given by M. E. de Beaumont of the upper iwirfaco of a 
lava stream, namely, 0® 30', is that of the great subaeriftl eruption to 
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1783 from Skaptar Jakul in Iceland ; and M. E. de Beaumont shows* 
that it must have flowed down a meap inclination of less than 0® 20'. 
But we now see that under the pressure of the sea, successive streams 
have flowed over a smooth bottom with a mean inclination not more 
than 0^ 7' 52" ; and that the upper surface of the terminal portion 
(over a space of foui^en and a naif miles) has an inclination of not 
more than 0® 7' 20". If the elevation of Patagonia has been greater 
nearer the Cordillera, than' near the Atlantic (as is probable;, then 
these angles are now all too large. I must repeat, that although the 
foregoing measurements, which were all carefully^ taken with the 
barometer, * may not be absolutely correct, they cannot be widely 
erroneous. 

Southward of the S. Crus, the cliffs of the 840 feet plain extend to 
Coy Inlet, and owing to the naked patches of the white sediment, 
they are said on the charts to be like the coast of Kent.*' At Coy 
Inl(^ the high plain tmnds inland, leaving flat- topped outliers. At 
Port Gallegos (lat. 51^ 35', and ninety miles south of S. Cruz), I am 
informed by Captain Sulivan, R.N., that there is a gravel-capped 
plain from 200 to 300 feet in height, formed of numerous strata, 
some fine-grained and pale-coloured, like the upper beds at the mouth 
of the S. Cruz, others rather darker and coarser, so as to resemble 
gritstones or tuffs; these latter include rather large fragments of 
apparently decomposed volcanic rocks ; there are, also, included layers 
of gravel. This formation is highly remarkable, from abounding with 
mammiferouS remains, which have not as yet been examined by Pro- 
fessor Owen, but which include some large, but mostly small, species 
of Pachydermata, Edentat^ and Rodentia. From the appearance of 
the pale-coloured, fine-grained beds, I was inclined to oelieve that 
tliey corresponded with the upper b^ of the S. Cruz ; but Professor 
Elirenberg, who has examined some of the specimens, informs me 
that the included microscopical organisms are wholly different, being 
fresh and brackish water forms. Hence the 200 to 300 feet plain at 
Port Gallegos is of unknown age, but probably of subsequent origin 
to the great Patagonian tertiary formation. 

Eastern Tierra del Judging frq^i the height, the general 

appearance, and the white colour of the patches visible on tlie hill 
sides, the npjMrmost plain, both on the nortfi and western side of the 
St. of M^geltan, and along the eastern coast of Tierra del Fuego as 
far south as near Port St. Polycarp, probably belongs to the great 
Patagonian tertiary formation. These higher table-ranges are frmged 
by low, irregular, ettensive plains, belonging to the boulder formation, f 
and composed of coarse ^Unstratified masses, sometimes . associate 
(as north of 0. Virgin's) with fine, laminated, muddy sandstones. 
The cliffs in Sebastian Bay are 200 in b^gbt, and are composed 
of fine sandstones often in curvilinear layers, moluding hard eoncre* 

V Memoiret pour Servir, Sco., p. 178 and 2n, 

t Described m the Geological Trausactious, vol. vi. p. 415. 
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Mwaen iha bmtaai of the muddy mndtloiie^^ they boiof^^ »i I am 
iubnittd hy Dr. J* D. Uookar»* lo three tpcdiee of demduooe htieb, 
diftmitt from the two epocbe vrhidi eotiip^ the great proj^rtiou of 
Ireee in ilib foiiit^elad land. From these facte it is dimcult to eoti'^ 
jccture, whether we here eee the basal part of die great* PaUgonsmi 
foraiadott, or edme lat^ deposit. 

Suntmmy <m <de JPaktgonum Tertiary /bmoljon.-^Four out of 
tlie seven foaiiil eh<dle, from 8t. Fe in Eiftre Rioe, were found by M. 
d'Orbigny in the eandetone of the Rio Negro, and by me at San 
Josef. Three out of the six from San Josef %re identical with t^08c 
from Pori Desire and S. Julian, wiiich two places have together fif- 
teen epeciea, out of which three are common to both. Santa Crux 
baa seventeen speciee, out of which five are common to Port Dcriro 
and S. Julian. Considering the difFerence in latitude between these 
several places, and the small number of species alti^thcr collected, 
namely thirty *six, 1 conceive the above pro[>ortional number of 
species in common, is sufficient to show that die lower fossiliferous 
mass ,, belongs nearly, I do not say ubsolnloly, to the same epoch. 
What this epoch may be, couijKired with the European tertiary 
stages, M. d'Orbigny will not pretend to determine. Tlie thirty-six 
8[>ecies (including tht^se collect^ by myself and by M, d'Orbigny) 
arc all extinct, or at least unknown ; bnt it should be borne in mind, 
that the present coast consists of sliitigle, and that no one, I be- 
lieve, has dredged here for sheik; hence it is not improbable tltat 
Home of the species may hereafter bo found living. Some few of 
the Slides are closely related with existing on&t ; this is aspeclally 
tlie case, according to M. d’Orbigny ana Mr. Soworby, with the 
Fn*u$ Patar^miens; and, accormng to Mr. Sowsrby, with the 
Pf/nda^ the* Vmtuf meridionalis^ the Crcjndula and the 

TurriuUii amlml<jcrxim^ and T* Paiaffonica, At least three of the 
genera, namely, CucuUeea, CraesateUa, and (as detenniibd by Mr. 
Sowerby), Struthiolaria, W not found in this <|uarlol' dT Ibe iKNnkl ; 
and Trigonocelia is extinct. The evidenoe taken diogether indkatea 
that this great tertiary formailoti is of considerablo anldqiufy) but 
wheti treating of the Chilian beds, I shall have to lltfer to 
ill k subject. ' 

The white pumiceous mudstone, with itoabundant gyimm, belongs 
to the same general epoch with the andorlytng fosiilifsfdas mass, 
as may be inferred from the sliolis bcludedfa) the iliitlddltted layers^ 
at Neuvo Gulf, 8. Julian, and S. Cruz. Oat of tho tlirtety^v<m 
marine microscopic structures found by Prof. Ehrenbeig In tliO' sjoci- 
• Botany of the Aoterotio Voyig#, p, 2|g. ' 
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iQfipft fi<<»D S# Julian nod Port Desire, ten are common to these t^o 
plac^ : the three fimnd at Neuvo Golf are distinct. I have roi- 
mUely descnbed^his deposit, from its remarkable characters and its 
wide extension. From Coy Inlet to Port Desire, a distance of 230 
nules,^ it is certainly continuous ; and I liave reason to believe that it 
likewise extends to%the Rio Chupat, Neuvo Gulf and San Josef, 
a distance of 570 miles: we have, also, seen that a single layer 
ocoura at the Rio Negrp. At Port S. Julian it is from 800 to 900 
feet in thicknessi ; and at S# Crux it extends, with a slightly altered 
character, up to the Cordillera. From its microscopic structure, and 
from its aftaJogy with other formations in volcanic districts, it must 
be considered as originally of volcanic origin : it may have been 
formed by the long>coniinued attrition of vast quantities of pumice, 
or jud^ng from the manner in which the mass becomes, in ascending 
the valley of 8. Cruz, divided into variously coloured layers, from 
tlie long-oontinucd oniption of clouds of fine ashes. In either case, 
wq must conclude, th jt the southern volcanic orifices of the Cordil- 
lera, now in a dormant state, were at about this period over a wide 
space, and for a great length of time, in action. We have evidence 
of this fact, in the latitude of tlie Rio Negro in the sandstone-con- 
glomerate with pumice, and demonstrative proof of it, at S. Cruz, in 
the vast deluges of basaltic lava : at this same tertiary period, also, 
tliere is distinct evidence of volcanic action in Western Banda Oriental. 

The Patagonian tertiary formation extends continuously, judging 
from fossils alone, from S. Cruz to near the Rio Colorado, a distance 
of above 0*00 miles, and reappears over a wide area in Entre Rios and 
Banda Oriental, making a total distance of 1100 miles; but this 
formation undoubtedly extends (though no fossils were collected) far 
south of the S. Cruz, and, according to Ji- d’Orbigny, 1 20 miles 
north of St. F6. At S, Cruz we have seen that it extends across 
the continent ; being on tlie coast about 800 feet in thickness (and 
rather more at S. Julian), and rising with the contemporaneous lava- 
streams to a height of about 3000 feet at the base of the Cordillera. 
It rests, wherever any underlj^in^ formation can be seen, on plutonic 
and metamorphic rocks. Including the newer Pampean deposit, and 
those strata in eastern Tierra del Fuego of doubtful age, as well as 
the boulder formation,, we have a line of more than twenty-seven 
degrees of latitude; equal to that from fhe St. of Gibraltar to the 
south of lofdand, oontinuou^y compo^ of tertiary formations. 
Throughout this great space the laud has been upraised, without tlie 
Strata having been in a ringle instanoe, as far as my means of observa- 
tion went, unequally tilte^ or dislocated by a fault. 

Tertiary !Formatione on the West Coast, 

Chmm iirc4^%o.~The numerous islands of this group, with 
the exception of Leinus and Ypun, consist V metainor^io schists; 
these two islands are formed of softish grey and brown, fusible, often 
laminated sandstones, contaming/a few pebbles, fragments of black 
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Ignite, and nnineraw mammiUatedi eonemtioiw of haid oaJoaraoiM 
SMidatone, Out of time eoncr^ions at Y|wn (kt. 40* W 8>), I 
eAtiMted the Omr kUowing extinct tpecieo of aiidln— 

1. iTttmwItt winnlit, O, B. Sow. PI. III. f. 40 (oIm KomUd). 

3. 9iKa»to»mli|lotom«, do. PI. Ill.f. 30. 37. 

3. C;tb«r«« (>> MtIculoM Cl), do. P>. U. t U <*lto Cfkloe ond llnaibl). 

i» VoittU^ffftgmefkttof. 

In ()t€ northern partA of tht« f^np tliero am aome cUfiii of gravdi 
and of the boulder fonnatioiu In the southern pari fat P* Andrea 
in Tre« J^lontes), there is a volouiic lbmiation» prol)abiy*af tertiary 
origin. Tlie lavas attain a thick iieaa of from 200 to 300 feet ; they 
are extremely variable in colour and natuie, Ijeiiig compact^ or biec* 
ciate<l, or cellular, or amygdaloidal vvith aeolite^ agate and bole, or 
porphyritic with glasay albitic feldspar. There ia aUo much imper- 
fect ruhbly pitchstone, with the intemticee charged with j>owdery 
carbonate of lime apparently of conieniporaneons origin. These 
lavas are conformably a^«4'>ciated with strata of breccia and of brdwu 
tuff containing lignite. Tlie whole mass has been bmken up and 
lilted at an angle of 45% by a scries of great volcanic dike9» one of 
w hich was thirty yards in brcfidth. This volcanic formation resem- 
bles one, presently to be described, in CliiW. 

//f<o/b.— Tills island lies l>ctwecn the Chonos and Cbiloc groups : 
it is about 800 feet high, and perhaps has a nucleus of metarnorphic 
rocks. The strata which I examined consisted of hne-graiiiiKl muddy 
sandstones, with fragments of ligutte and concretions of calcareous 
sandstone. I collected the following extinct shells, of which the 
Tnrritclla was in great numbers. 

1. Bulla cosinophila, G. B. Sowerby, PI. III. f. 36. 

2. PI«uroloma subivciualis. do. PI, IV. (. 52. 

3. Fosiw clerjraous, d‘ Orbijjf. Voy, Pal. PI. XU. f. 6, 7 (also at Cofjiiimbo). 

4. rnton leucewtomoide*, (i. B. Sow. PI, IV'. f, 64. 

5. Turritellt rtiil«>osif, do. PI. I\^ f, 51 (aliO Moebt). 

6. Venus, pTolmbly a diitinct 8peci<*«, but very itnprfect. 

7. CylbeTiBa(l) fulojlo«ia(!) do. PI. II, f. 14. 

B. Dentalium majut, G. B. Sowerby, PI. 11. f. 3. 


Chil<H \ — 'Fins fine island *18 about 100 miles in length. The entire 
southern part, and the whole western coast, consists of intca^bisi^ 
which likewise is seen in the ravines of the interior# The central 
mountains rise to a height of 3000 feet, and are said to be partly 
formed of granite and greenstone : there are two small volcanic dis- 
tricts. The eastern coast, and large parts of the nortbem extremity 
of the island are composed of gravel, thci boulder foitnatlcui, and 
underlying hori7X)ntal strata. The latter are well displayed for twenty 
miles north and south of Castro; they vary in character from common 
sandstone to finc-graineS, laminated mudstones: all the spedmefts 
which I examined arc easily fusible, and some of tho beds might be 
called volcanic grit-stones. These latter strata are perhaps rolat^ to a 
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mass of columnar trachyte which occurs behind Castro. The sand- 
stone occasionally inclades pebbles, and many fragments and layers of 
lignite; of the lattAr, some arc apparently formed of wood and others of 
leaves: one layer on the N.W. side of Lemuy is nearly two feet in 
thickness. There is also much silicified wood, both common dicotyle- 
donous and coniferoufif^ a section of one specimen in the direction of 
the medullary rays has, as I am informed by Mr. R. Brown, the discs 
in a double row placed alternately, and not opposite as in the true 
Araucaria. I found marine remains only in one spot, in some concre- 
tions of hard calcareous sandstone: in several other dikricts I have ob- 
served, thalf organic remains were exclusively confined to such con- 
cretions : are we to account for this fact, by the supposition that the 
shells lived only at these points, or is it not more probable, that their 
remains were preserved only where concretions were formed ? The 
shells here are m a bad state, they consist of, 

1. Tellinides (?) oblonga, G. B. Sowerby, PI. II. f. 12 (a Solenilla in M. 
• d’Orbig^y'a pinion). 

2. Natica striolata. G. B. Sow. PI. III. f. 39, 

3. Natica (?) pumila, do. PI. III. f. 38. 

4. Cytberasa (?) sulcoloaa, do. PI. 11. f. 14 (also Ypun and Hnafo?) 

At the northern extremity of the island, near S. Carlos, there is a 
large volcanic formation, between 500 and ?00 feet in thickness. 
Tlie commonest lava is blackish-grey or brown, either vesicular, or 
amygdaloidal with calcareous spar and bole : most even of the darkest 
varieties fuse into a pale-coloured glass. The next commonest 
variety is a rubbly, rarely well characterized pitcbstone (fusing into a 
white glass) which passes in the most irregular manner into stony 
grey lavas. This pitchstone, as well as some purple claystone 
porphyry, certainly flowed in the form of streams. These various 
lavas often pass, at a considerable depth from the surface, in the most 
abrupt and singular manner into wacke. Great masses of the solid 
rock are brecciated, and it was generally impossible to discover 
whether the recementing process had been an igneous or aqueous 
action.* The beds are oWurely s^arated from each other; they are 
sometimes parted by seams of tuff and layers of pebbles. In one 
place they rested on, and in another place were capped by, tuffs and 
gritstones, apparently of submarine origin. ^ 

The neighbouring peninsula of Lacuy is almost wholly formed of 
tufaceons deposits, connected probably in their origin with the vol- 
canic hills just described. The tuffs are pale-coloured, alternating 
with laminated mudstones and sandstones (all easily fusible) and 
passing, sometimes into fine-grained white beds strikingly resembling 

* In a cliff of tbe hardest fragmentary mass, I found several tortuons, vertical 
veins, varying in thickness frdhi a few tenths of an inch to one inch and a half, 
of a substance which I have not seen described. It is glossy, and of a brown 
colour ; it is thinly laminated, with the laminae transparent and elastic ; it is a 
little harder than calcareous spar ; it is infusible undir the blowpipe, sometimes 
decrepetates, gives out water, curls up, blackens and becomes ma^etio. Borax 
eaailydissolves a considerable quantity of it, and ^ives a glaas tinned with gr^n, 
I have no idea what its true nature is. On .first seeing it, I mistook it for lignite I 
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bmiSolai unth fkm o| fHtinice k the mi slim of dmy ; iboto 
IMUM kio ordinoiy eoom brecem niii «M!^i{loiiiorftloi of bord 
lOofaL Witbtn Torv i&ort dbUiict^a^ some of iho finer iiifiTs often 
lawsd klo enoli oilier in n peculiar iimnneri namely, by irmular 
polymoml contreiions of one Tarieiy iiier«^iig so much and so 
andd^y in sice, that the second variety, instead of any lon^ 
lormiiii;^ the entire ma^ was left meiely in Uiin veins between uio 
ooncretions. In a straiglit line of cliffs, at Point Tcnuy, 1 examtiied 
the following remarkable section : — 
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On the left hand, the lower part (A A) consists of regular, alternating 
strata of brown tuffs and greenish Ibmiimtcd mudstone, gently in- 
clined to the right, and conformably covered by a mass (B of a 
white, tufaceous and brccciolated deposit* On the right ban^ tho 
whole cliff (B B rif/ht) consists of tho same white tufoceons matter, 
which on this side preseftts scarcely a trace of siratification, bat to 
the left becomes very gradually and ratlier iudistiof^dy divided into 
strati quite confonnalilc with the underlying beds A A: moreovear, a 
few hundred yards further to the left, where the surface has been 1^ 
denuded, the tufaceous strata (B left) are conformably covered by 
anc)ther set of strata, like the underlying ones A A of this section* In 
the middle of the diagram, tho beds A A are seen to be abvoptly Cttt 
off, and to abut against the tufaceous non-stratified mass; but tho 
hne of junction has bjen aecidenially not represented steep enough, 
for 1 particularly noticed that before the beds bad been J^ted to tlie 
right, this lino must have Wn nearly vertical. It appears that a 
current of water cut for itself a deep and steep subniaiiiis ebanocl, 
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and at the same tirao or afterwards filled it up with the tufaceous and 
brecciolated matter, and spread the same over the surrounding sub- 
marine bods ; the^natter becoming stratihed in these more distant and 
loss troubled parts, and being moreover subsequently covered up by 
other strata (like A. A) not shown in the dia^am. It is singular 
that three of the bedi (of A A) are prolonged in their proper direc- 
tion, as represented, beyond the line of junction into the white tu- 
faceous matter : the prolonged portions of two of the bods are 
rounded ; in the third, the terminal fragment has been pushed up- 
wards : how these beds could have been left thus prolonged, I will 
not pretend to explain* In anotlier section on the opposite side of 
a promontory, there was at the foot of this same line of junction, 
that is at the bottom of the old submarine channel, a pile of frag- 
ments of the strata A A, with their interstices filled up with the 
wliite tufaceous matter : this is exactly what might have been anti- 
cipated under such circumstances* 

y he various tufaceo\|s and other beds at this northern end of Chiloe 
probably belong to about the same age with those near Castro, and 
they contain, as there, many fragments of black lignite and of silici- 
fied and pyritous w’ood, often embedded close together. They also 
contain many and singular concretions : some are of hard calcareous 
sandstone, in which it would appear Ahat broken volcanic crystals and 
scales of mica have been better preserved (as in the case of the organic 
remains near Castro) than in the surrounding mass. Other concre- 
tions in the white brecciola, are of a hard ferruginous, yet fusible, 
nature; they are as round as cannon-balls, and vary from two or 
three inches to two feet in diameter ; their insides generally consist 
either of fine, scarcely coherent volcanic sand,* or of an argillaceous 
tuff; in tliis latter case, the external crust was quite thin and hard. 
Some of these splierical balls were encircled in the line of their equa- 
tors, by a necklace-like row of smaller concretions. Again there 
wore other concretions, irregularly formed, and composed of a hard, 
compact, ash- coloured stone, with an almost porcelainoue fracture, 
adhesive to the tongue, and without any calcareous matter. These 
bods are, also, interlaced by many veins, containing gypsum, ferru- 
ginous matter, calcareous spar, and agate. It was here seen with 
femarkablo distinctness, how intimately concretionary action and 
ithe production of fissures and veins are refated together. The follow- 
ing diagram is^an accurate representation of a horizontal space of tufT, 
about four feet long by two and a half in width : the double lines 
represent the fissures partially filled witli oxide of iron and agate : 
the curvilinear lines show the course of the innumerable, oonoentric, 
concretionary zones of different shades of colour and of coarseness in 
the particles Of tuff. The symmetry and complexity of the arrange- 
ment gave the surface an elegant appearance* It may be seen how 
obviously the fissures determine (or liave \)eea determined by) the 

* The frequent tendency in iron to form bellow concretions or shells containing 
incoherent matter is singular : DAubuiseon (Traitd de O^ogn. tern. i. p. 318} 
remarks on this circumstance. 
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sliap, 8onictimc« of tlie whole concretion, and Bomctlmce only of iU 
central parts. The fis8ure« aUo dctenninc the curvaturea of il»e long 
undulating zones of conca'tionaiy action. Frotn the varying compo- 
sition of the veins and concretions, the amount of chemicat action 
which the mass has undergone* is surprisingly great; and it would 
likewise apf^ear from the difference in 8!Z<‘ in the particles of the con ■ 
cretionary ztmes, that the mass, also, has subjtHried to internal 
mechanical movements. 

In the peninsula of Iaicuv, the strata over a width of four miles 
have lieen uphcavcil hy three distinct, and some other indistinct, lines 
of elevation, ranging within a point of north and south. One line, 
about 200 feet in height, is regularly aniiclinal, with the strata di|>- 
ping away on both sides, at an angle of 15®, from a central “ vallev of 
elevation,*’ about 300 yards in width. * A second narrow steep riage, 
only sixty feet high, is unicHnal, the strata throughout dipping we^ 
ward ; those on both flanks being inedined at an angle of from ten to 
fifteen degrc<‘s ; whilst thofc on the ridge d»p in the samo direction, 
at an angle of between thirty and forty degrees. This ridge, traced 
northwards, dies away ; and the beds at its terminal point, instead of 
dipping westward, arc inelincti ) 2® to the norili. This case interested 
me, as being the first in which I found in S, Amerioa, fwmations 
perhaps of tertiary origin, broken by Hoes of elevation* 

Valdima : hland of J/ocAa.— The formations of Chiloo seem to 
extend with nearly the same character to Valdivia^ and for some 
leases northward of it ^ the underlying rocks aiO lnicaceoWS schists, 
up with sandstone and other sedimentary bods, In- 
cluding, as 1 was assured, in many places layers of lignite# I did not 
land on Mocha (lat. 38® 20'), but Mr. Stokes brought me spociniens 
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of iijo fino-giMod, diffhtl^ calcareous sandstone, precisely like 
^at of Huafo, cmtaining lignite and numerous turritellse. The 
island is flat>topped, 1,240 feet in height, and appears like an outlier 
of the sedimentary beds on the nuunland. The few shells collected 
consist of— 

1. Tumtdllft G. B. 8ow« PI. IV. f. 51 at Huafo). 

*2. Fuaui. f«ry tmperfact, aomeirbat resemhling F. iubn^exui of Navidad 
(PI. IV. f. 57), but probably different. 

3. Venue, fragmente of. 

Concepcion . — Sailing northward from Valdivia^ the coast-cliffs are 
seen, first to assume near the R. Tolten, and thence for 150 miles 
northward, to be continued with the same mineralogical characters, 
ini mediately to be described at Concepcion. I heard in many places 
of beds of lignite, some of it fine and glossy, and likewise of silici- 
fied wood ; near the Tolten the cliffs are low, but they soon rise in 
heigtit ; and the horizontal strata are prolonged, with a nearly level 
surface, until coining to a more lofty tract between points Rumcna 
and Lavapie. Here tho beds have been broken up by at least eight 
or nine parallel lines of elevation, ranging east or E.N.E., and west 
or W.S.W. These lines can be foUowed with the eye many miles 
into the interior ; they are all uniclinal, the strata in each dipping to 
a point between soutii and S.S.E, with an inclination in the central 
lines of about forty degrees, and in the outer ones of under twenty 
degrees. This band of symmetrically troubled country is about eight 
miles in width. 

The island of Quinquina, in the Bay of Concepcion, is formed of 
various soft and often ferruginous sandstones, with bands of pebbles, 
and with the lower strata sometimes passing into a conglomerate 
resting on the underlying mctamorphic schists. These beds include 
subordinate layers of greenish impure clay, soft micaceous and calca- 
reous sandstones, and reddish friable earthy matter with white specks 
like decomposed crystals of feldspar: they include, also, hard concretions, 
fragments of shells, lignite, and silicified wood. In the upper part 
they pass into white, soft sediments and brecciolas, very like those 
described ai Chiloe ; as indeed is the whole formation. At Lirguen 
and other places on the eastern side of the 'bay, there are good sec- 
tions of the lower sandstones, which are generally ferruginous, but 
which vary in character, and even pass into an argillaceous nature ; 
they contain hard concretions, fragments of lignite, silicified wood, 
and pebbles (of the same rocks with the pebbles in the sandstones of 
Quiriquina), and they alternate with numerous, often very thin 
layers of imperfect coal, .generally of little specific gravity. The 
main bed here is three feet thick ; and only tlie coal of this one bed 
has a glossy fracture. Another irregular, cujvilinear bed of brown, 
compact lignite, is remarkable for being included in a mass of coarse 
gravel. These imperfect coals, when placed in a heap, ignite spon- 
taneously. The cliffs on this side of the bay, as well as on the i^and 
of Quiriquina, are capped with red friable earth, which, as stated 
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in ih« Mwmd chapter, is of recent fi>riiwtion. Tlw stratificatino in 
this aoMbourhmxl ia fimentll)’ hoii»»nt»l ; bat #«**' lAlfWW tlm Jwds 
dip N.W, at an angle of ‘i3»; near t'oiicepcioB they am atm in- 
ctined ; at the northern cod of Qiiirujuiiia they have bM*n ttHfa} at an 
angle of 30* and at the swithcm cikI at angle*' varying from 1 5* to 
40“ : these diilocalions nmst have taken place under tl» aea. 

A collection of shells, from tins island <»f Quinquina, has been 
described l.y 5f. d’Orhigny : thev are all estioot, and from their 
generic character, M. d'tlrhigny Inferre*! that they were of tortrary 
origin : they consist of. 


1. S<jilitri4 ( » 

P,jrl, I*al. : 

'2. Natica VnurAni, Jo. ? 

Niika au^ifjht. Jo. \ 

4 . K(HU» Jiftictliik, Jo, J 

PvruU tio. j 

Ar-ku<‘an4, Jos t 

7. ( ijjrdium lyca, Jo. ' 


H. l arJiwm acuttcotUtuiti, 
<>. V'r-ftOA aurik. Jo. 

U>. do. 

n. ^Isswrfra Jos 

Id. Arciii .\tiiatM)tn4„ Jt.4. 

l;i. StsrwWf J(k, 

H. rrijjoniik H atilt' iistoa, Jo. 


I>uriu^ a ftt!tron»l ttf tho Bragle (‘oua'-peton* M r. K<*ni 
oJIt'cteJ fur nve j*oi!}r ftUicifuHl wmvtl anJ 4icl}** »>ut <»f the cuocrx^tiuiii* 
in ihi^ samUiont? from T«>tin\ i“itunttnl a nhiirt norib of 

ifucu ; i\wy consist of, 

1 . Natieft autiraloi, it’OrbitiT. 4 . 1 V< liro. of.jKotinWr two »fM 5 * 

P#l. cu^, hut i*;h» for 

‘is Maciru Ar^Oicana, Jo. ft. h, 

1 rij,*onia llnnotiift i, %k>. (>. Nauiilti# J t ^^ho^ovtirtW!*, K. Ft>fbt*8, 

1 * 1 . V. (, 1 . (vi) and t, (h). 

those ^ht lls, (\ipi. Bekher^ foumi here an 
marly threv ftet in Jianu'^ter, ami m lieavy that ht» could not brinj;^ 
it a%vay ; frapnriits are deposited at Ua^lar Uo#ipiUl ; he aUo 
fovmd the sllieifu'd vert»?hrre of some very large artinial. From the 
iJcfitity ill miacralogical rtaiitre of the rm;ks and front CapUin 
Uilciu rV minute description of the coii^t l»ctwc<*n I/irgnen and Tome, 
the fosslliferou.'i concretions at thin latter place certainly Whmg to tho 
name formation with the bod» examtneri by mywlf at liirgtten ; and 
tluj 2 je again are luidoubtcdly the aame with tho futrata of (iwiTtqwina : 
moreover, tlie three first of tiic sheik from Tome, though aJHmdalad in 
the «amc concrctiunH with tho Baculite, arc identical with the apccto 
from yuirhpiina. Hence all the fiandstone and Ugiiitiferoim beds in 
tiiiji neigiikiurhofui ceruainly belong to tlio name formation. Aliliongh 
the generic cliaracter of the Qutrif|ttina naturally lod W* 

d'Orhigny to conceive that they were of tertiary origin, yet as we now 
find them aHssociated w ith the liaculiter and wttli an Ammonite, 

wemuHt, in the opinion of M, d'Orbigny, and if we ore guided by 
the analogy of the northern hemisiphere, rank them ill tho Cfotaccoua 
system. Moreover, the BacuVxieM mgtna^ which is in a tolcrabk 
sUte of iireservation, appears to Prof. E* Forbea ceriaijaly to be 
identical with a npecies, m nanKnl by him, from Pondkhory in India; 
^ /ooloj<y of ( apt. Becchey's Vop{f;c, p. 103. 
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where it b associated with numerous decidedly cretaceous species, 
which approach m^si nearly to lower Greensand or Neocomian forms ; 
this feet, consideriug the vast distance betwt»en Chile and India, is 
truly surprising. Again, the A^u/tYius i Orhigiiyanv^^ as far as its 
imperfect state allows ^f comparison, resembles, as I am informed by 
Prof, Forbes, both in its general form and in that of its chambers, two 
species from the Upper Greensand. It ra^ be added that every one 
of the abovc-oamea genera from Quinquina, which have an apparently 
tertiary ch^uracter, are found in the Pondichery strata. There are, 
however, some difRcuUies on this view of the formations at Con- 
cepcion being cretaceous, which I shall afterwards allude to ; and I 
will here only state that the Cardium aitca is found also at Co- 
quinibo, the beds at which place, there can be no doubt, are tertiary, 

Namd<id .^ — The Concepcion formation extends some distance north- 
ward, but how far I know not ; for the next point at which I landed 
was!it Navidad, 160 mtles north of Concepcion, and 60 miles south 
of Valparaiso. The cliffs here are about 800 feet in height: they 
consist, wherever I could examine them, of fine-grained, yellowish, 
earthy sandstones, with ferruginous veins, and with concretions of 
liard calcareous sandstone. In one part, there were many pebbles of 
the common metamorphic porphyries of the Cordillera : and near the 
base of the cliff, I observed a single rounded boulder of greenstone, 
nearly a yard in diameter. I traced this sandstone formation beneath 
the superficial covering of gravel, for some distance inland : the strata 
are slightly inclined from the sea tow^ards the Cordillera, which 
apparently lias been caused by thoir having been accumulated against 
or round, outlying masses of granite, of which some points project 
near the coast. The sandstone contains fragments of wood, either 
in the state of lignite or partially silicihed, shark's teeth, and 
shells in great abundance, both high up and low dowm the sea-cliffs. 
Pcctunculus and Oliva were most numerous in individuals, and next 
to them Turritclla and Fusus. • I collected in a short time, though 
suffering from illness, the following thirty-one species, all of which 
arc extinct, and several of the genera do not now range (as we shall 
hereafter show) nearly so far south : — 

1. Gastridium cepa, G. B. Sowerby, PI. IV. f. 68, 6f). 

2. Monoceros, fragments of, considered hy M. d’Orbig^ny ns a nevr species. 

3. Voluta alia, G. B. Sowerby, PI. IV. f, 75 (considered by M. d'Orbigny as 

distinct from the V. alia of S. Cruz). 

4. Voluta triplicata, G. B. Sowerby. PI. IV. f. 74. 

5. Oliva dimidiata, do. PI. IV. f. 76, 77. 

6. Pleurotoma discors, do. PI. IV. f. 54. 

7. Pleurotoma turbinelloidea, do. PI. IV, f. 53. 

8. Fusus subreflexus, do. PI. IV. f. 57. 

9. Fusus pyruUfonnis, do. PI. IV. f. 56. 

10. Fusus, allied to F. regularis, Pi. IV, f. 55 (considered by M. d’Qrbigny 
as a distinct species). 


* I was guided to this locality by the Report on M. Gay’s geological researches, 
in the Annales des Scienc. Nat. (1st series) tom. 28. 
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11, TtofitsUt ttttiirtlb* G. B. Sowevbv, PI. 111. f. 50* 

It, tNdffileOa PitAgoiiiiM, (do.), PL 111. f. 48 (fVftgioeotiLof). 

13. Troolmo J«f O, B, Soworby, PI. III. f. 4«, 47. 

14. IVodius c^dlftnt. do.. Pi. 111. f. 44, 45 (contidoiod by M. d'Orbigoy m 

the young of ibo T, latia). 

15. Cmoio mooilifor, G. B. Soworby. PL iV. f. 65* /* 

16. PyniUdiataitt, do., PL IV. f. 61. 

17. Triton rorruculotai, do., PL IV. f. 63. 

IB. Sigtretut sabgloboona, 0. B. Sowerby, PL 111. f. 36, 37. 

19. Nation soHdfi, do., PL 111. f. 40, 41 (it U doubtful wbelber tbe N. solidn of 

S. Cini it tbe tamo apocies with thin). 

to. Terebm undnltforn, G, B. Sowerby, PL IV. f. 72, 73. 

21* Terebrm contollnu, do., PL IV. f. 70, 71. 

22. Bolin ((ingiiinoU of). 

23. Dentnlium g^aaoteuin, do., PL II. f. 1. 

24. l>eQUliaRi nukoaum, do., PL 11. f. 2. 

25. Corbia (I) Imvigntn. do., PL II. f. 11. 

26. Cnrdium iDultirndiatuin, do., PL II. f. 16. 

27. Venua meridionalia, do., PL 11. f. 13. 

28. Pectunculua diapnr. (I) Deah. (considered by , M. tfOrbigny aa a distinct 

apociea). 

29. 30. Cytherasa nod Mactta, fmgmonta of, (considered by M. d’Urbigny na 

new apeciea). 

31. Poctao, fragments of. 

Coquimho.~Voi more than 200 miles nortliward of Navidatl, the 
coast consists of plutonic and mcUinorpbic rocks, with tlie exception 
of some quite insigrii^cant superficial beds of recent origin. At Ton- 
guy, twenty-five miles south of Coquimbo, tertiary beds recoimnencc. 
I have already minutely described in the sedond chapter, the sU'p- 
fonned plains of Coquiinl>o, and the upjrer calcareous beds (from 
twenty to thirty feet in thickness) containing shells of recent species, 
but in difierent proportions from those on the beach. There remains 
to l>o described only the underlying ancient tertiary beds, represented 
ill the following diagram (liere given again) by the letters P' and E. 


i\0. 21.— SBCTIOS OF THB TERTIARY FORMATION AT COQUIMBO. 


of plain, fevt nSote «ea* 



I*«rval of f«n. 


P— IxMrar MiiHltiUrtMi, wttb cnnrf«ltk»n» and bcHia#, ) arllh fowU lAaltl, all, or ««arly 

farniirinou* (and^tono, with nam«r<>Mt Balani, y all, axliacf. 

C.‘ and D~Cftkar«r/u4 bed* wUb rtcani ffMirtla. A — Btraiiflad Mild in a raviiia, altowUh 
rcKWbt 

• 

I obtaincil good sectiofi.9 of bed (F) only In Horradura Bay : it con- 
sists of soft whitish s(\|Kl8tono, with ferruginout votfiB, Romo pebble* 
of granite, and concretionary layers of hard calcareona sandstone. 
The^» coiicnaions are remarkable from tbe gftfki number of large 
silicified bones, apparently of ceiaccroua antmauL which they contain ; 
and likewise of a bhark's teeth, closely tesembling those of the Car* 



CttAP. V.3 


COC^UIMBO, 


129 


chariot megalodon. Shells of the following species, of which the 
gfigantic Oyster anti Perna are the most conspicuous, are numerously 
^nbedded in the concretions. 

1. Bulla ambigua, d'Orlug. Voyage Pal, 

2. Monoceroa Blaiuvillii, do. 

3. Cardium auca, do. 

4. Panopaea Coquimbensia, do. 

5. Peraa Gaudichaudi do. 

6. Artemis ponderosa ; Mr. Sowerby can find no distinguishing character be- 

tween this foseii and the recent A. ponderosa ; it is certainly an Artemis, 
as shown by tUb pallial impression. 

7. Ostrea Patagonica (?) Mr. Sowerby can point out no distinguishing character 

between this species and that so eminently characteristic or the great 
Patagonian formation ; but be will not pretend to affirm that they are 
identical. 

B. Fragments of a Venus and Natica. 

The cliffs on one side of Ilerradura Bay arc capped by a mass of 
stratified shingle, containing a little calcareous matter, and I did not 
doubt that it belonged to the same recent formation with the gravel 
on the surrounding plains, also cemented by calcareous matter, until 
to my surprise, I found in the midst of it, a single thin layer almost 
entirely composed of the above gigantic oyster. 

At a little distance inland, I obtained several sections of the bed 
(E), which, though different in appearance from the lower bed (F), 
belongs to the §anio formation ; it consists of a highly ferniginous 
sandy mass, almost composed, like the lowest bed at Port S. Julian, 
of fragments of Balauidee ; it includes some pebbles, and layers of yel- 
lowish-brow^n mudstone. The embedded shells consist of, 

1. Monoceroa Blainvillii, d’Orbig. Voyage Pal. 

2. — ambiguus, G.'B. Sowerby, PI. IV. f. 66, 67. 

3. Anomia alternana, do., PI. II. f. 26. 

4. Pecten rudis, do., PI. III. f. 32. 

6. Perna Gaudichaudi, d’Orbig. Voyage Pal. 

6. Oatrea Patagonica (?) do. 

7. Ostrea, small species, in impeVect state; it appeared to me like a small 

kind now living in, but ve^ rareiu the bay. 

8. Mytilus Chiloensis ; Mr. Sowerby cau find no distinguishing character be- 

tween this fossil, aa. far as its not very perfect condition allows of com* 
parison, and the recent species. 

9. Balanus Co|quimbensis, G. B. Sowerby, PI. ll. f. 7. 

10. Balanus psittaous? King, 'fhis appears to My Sowerby and myself iden- 
tical with a very large and common species now living on the coast. 

The uppermost layers of this ferriigino-sandy mass are conformably 
covered by, and impregnated to the depth of several inches with, the 
calcareous matter of the bed (D) called losa : hence I at one time 
imagined that there was gradual passage between them ; but as all 
the species are recent in tire bed (D), whilst the most characteristic 
shells of the uppermost layers of (E) are the 4^xtinct Perna, Pecten, 
and Monoceros, I agree with M. d’Orbigny, that this view is erro- 
neous, and that there is only a mineralogical passage betiyeen them, 
and no gradual transition in the nature of their organic remains. 
Besides the fourteen species enumerated from these two lower beds, 
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M. dX>rbipiy haa tltMoribtMl tvn other #*}HX'ied given tu him from thU 
locality ; nanioly, 


1 . Fuxua Ciciyanui, d’Orbig, Voyage | 
Fal. ’ f 


•i. 

fK^nUftiuia. 

do. 

J. 

V«*n»iS f.,uu*u\uiv4. 


4 . 

u»'*rt'4''') 

do. 




do. 


6 . \>#iuj» pecttiana, d'Orbtg. Voyagio 


I lU. 

7 . — — «Jo* 

B. Selecurtua bao^liaitoa, do. 

Maclra ftoca, do. 

10 . 0\\ y % *erejm. do. 


Of the-.* t\Nonty-fonr sIm'ILs., all are extinct, except, nccording to 
Mr. S<utrl)i, tlir Arfi tnii' ami pro- 

iMldy ihj ;^rvut Balanu.'i. 


io CojiuifKK — A few nortfi of (’^7^|lu^nho, I nut 

v\uh ihc forru;^'inoU5?, haljuuferousi (K) with inaiiy bilicified 

boia b ; I >vai inf .*rnit‘d lluit tluv^e i?ilkilie<l hnia-?* occur, aUo, at Tongu v, 
xiiili f.'f ( ’i»4juiiub‘» : tlieir TuiinlK’r certaiiWy remark able, aml#tl»cy 
‘xiem to lake tho place of the hllieiheil woihI, ho roinmon on the coast- 
formatlniKs of i^raulioni Ohile. In the valley of (.'h.irH*ral, i again »aw 
tlii> >ame formation, capped with tlie riH.!eiU ealcartons hed>, I here 
kft tile coant, and did not sec any more of the tertiary formations, 
until (h’Hcoiuling to the K*a at (’opiapo ; here in one place I found 
variously coloured layers of sand and soft samktoue, with seams of 
gypsum, and in aimther place, a iomininuted shelly luo-ss, witli layers 
of rotten-stone and .seams of gypsum, including many of the ex- 
tinct gigantic oyster: l)eds with lliese oysters are said to occur at 
Englisli Harbor, a few miles north of C'opiapo, 

CiAiift o/* Prru , — With tho exception of deposits containing recent 
>lieILs and of quite insigniticunt dimensiuns, no tertiary formations 
havt; ht en (»bM'rvi d on this coast, for a space of twenty-two degrees of 
latitude m*rih of ( 'opiapo, until coming to Payta, where there w 
>aid to he a c«>n.^i<!erable calcareous de[»ubit ; a few fodsils have 
been described by M. d'Orbigiiy from this place, namely, — 

1. U':at*’U iriu (iaudicl)Audi, d’Orblg, Voyago Pal. 

Z. i‘«*ciuncul«,i i*uyu?riais, do. 

' 1 . Wtjus », , do. 

4 Patngrmica 1 This great oyster (of wliich •jpecimotie have been 

lie*) canijot br dn-tftiguisbed by Mr. Sowerby ftom eomo of the vanotiee 
fruin f*ut 3 gonia; though it would bo hazardous to aeaert it in the aame 
«^ith thai «|^ccic. 9 , or with that from Cocpiimbo. 


Coitcludim^ Remarks , — ^Tho fortnations dt%icribed in this ohaptor^have, 
in the case of Chiloe and probably in that^of Concepcion and Navidatl, 
apparently l>ecn accumulated in troughs formed by submarine ridges 
exti nding parallel to the ancient shores of the continent ; in tho case 
of tlie i.slands of Mocha and Iluufo it is higidy probable, and in that 
of Ypun i^nd l.irnuis almost certain, that they were accumulated 
round isolated rocky centres or nuclei, in tho same manner as mud 
and Hand is now collecting round the outlying islets and reefs In the 
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West Indian arcliipclago. Honce, I may remark, it docs not follow 
tliat Iho outlying k-rtiary masses of Mocha and Iluafo were over con- 
tinuously united at tlie same level with the formations on tlie main- 
land, though tliey may have been of contemporaneous origin, and been 
subsequently upraisedV^ the same height. In the more northern 
parts of Chile, the tertiary strata seem to have been separately accu- 
mulated in bays, now forming the mouths of valleys. * 

I’lie relation between these several deposits on the shores of the 
Pacific, is not nearly so clear as in the case of the tertiary formations 
on the Atlantic. Judging from the form and height of the land 
(evidence which I feel sure is here much more trust-worthy than 
it can over he in such broken continents as that of Europe), from 
the identity of mineralogical composition, from the presence of frag- 
ments of lignite and of silicified wood, and from the intercalated 
layers of imperfect coal, I must believe that the coast-formations 
from central Chiloe to Concepcion, a distance of 400 miles, are of 
the slime age : from nearly similar reasons, I suspect that the beds 
at Mocha, Huafo, and Ypun, belong also to the same period. Tlio 
commonest shell m Mocha and Iluafo, is the same species of Turri- 
tella ; and I believe the same Cytherma is found on the islands of 
Iluafo, Chiloe, and Ypun; but with these trifling exceptions, the 
few organic remains found at these places are distinct. The nu- 
merous shells from Navidad, with the exception of two, namely the 
Sigaretus and Turritella found at Ypun, are likewise distinct from 
those found in any otlier part of this coast. Coquimbo has Vardium 
anca in common with Concepcion, and Fimi^ Clcryamts with 
Iluafo; I may add, that Coquimbo has Veiim Petitiandy and a 
gigantic oyster (said by M. d’Orbigny also to be found a little south 
of Concepcion) in common with Payta, though this latter place is 
situated twenty-two degrees northward of lat. 27% to which point 
the CVxpiimbo formation extends. 

From these facts, and from the generic reseniblance of the fossils 
from the difFercnt localities, I cannot avoid the suspicion that they all 
belong to nearly the same epoch, which epoch, as we shall imme- 
diately see, must be a very ancient tertiary one. But as the Baculite, 
especially considering its apparent identity with the Cretaceous Pon- 
dichcry species, and the presence of an Ammonite, and the resem- 
blance of the Nautilus to two upper greensand species, together 
aftbrd very strong evidence that the formation at Concepcion is a 
Secondary one ; I will, in my remarks on the fossils from the other 
localities, put on one side those from Concepcion and from Eastern ChU 
loo, which, whatever their age may be, appear to me to belong to ono 
group. I must, however, again call attention to the fact that the Car^ 
dhtm auca is found both at Concepcion and in the undoubtedly tertiary 
strata of Coquimbo : nor should the possibility bo overlooked, that as 
Trigonia, though known in the northern heniisplfbre only as a Secondary 
genus, has living representatives in the Australian seas, so a Baculite, 
Ammonite, and Trigonia may have survived in this remote part of the 
southern ocean to a somewhat later period than to the north of the equator. 
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tMom iMMitig ill te^iew the (omU from tlie oilier loealitiee, 
there ere two pomUL with respect to the fbrmetions between Coiioep* 
cion snd Chiloe^ which deeerro some notice. First, thst though the 
stmta me generally horizontal, they hate been npheated in Chiloe in 
a set of )>i^lel anticlinal and untcItiiAl lines rsifging north and south, 
—in the district near P. Rumcna by eight or nine far-extended, most 
symmetrical^ unicHnal lines ranging nearly east and west,'^and in the 
neighbourhood of ConccjKJion oy less regular single linos, directed 
botli N. K, and S. W., and N. W. and S. E. This fact is of some 
interest, as showing that nriihin a period which cannot he coiiridorcd 
a^ very ancient in relation to the history of the CVnitinent, the strata 
between the Conlillera and the Pacific have l>een broken up in tlio 
same variously-directed manner as have the old plutonic and incta- 
morph ic rocks in this same district. The second point is, that the 
sandstone between C4>ncepcion and southern Chiloe is everywhere 
Hgmtiferous, and incUuiiJs much silicifitHl wood ; whereas the forma- 
tions in nortliem Chile do not include IxhIs of lignite or coal, afid in 
plat‘e of the fragments of silicifie<l wm>d, there are siiicihcd Irenes. 
Now, at the present day, from C?a}>e Horn to near Conc<»j>eion, the 
land is entirely conccaM by forests, which thin out at Concepcion, 
and in central and northeni Chile entirely diftapp<*ar. Tliis coincidence 
in the distribution of tlie fossil wood and the living forests may be 
quite accidental; but I incline to take a different view of it; for, as 
the difference in climate, on which the presence of forests depends, is 
here obviously in chief part due to the form of the land, and as the 
Cordillera undoubtedly existed when the lignitiferoiis beds were accu- 
mulating, I cuncoive it is not improbable that the climate, during the 
lignitiferous perioil, varied on different parts of tlie coast in a some- 
what similar inauner as it now docs. Looking to an earlier epoch, 
when the strata of the Cordillera were depositing, there were islands 
which even in the latitude of northern Cliile, wliere now all is irre* 
clainiably dissert, supported large C4>niferou8 forests. 

Seventy-nine species of fossil shells, in a bilerably recognisable 
c\»ndition, from the coast of Chile and Peru, are ilescrilietl in this 
volume, and in the PaliBontological part of M. d*Orbigny's voyage: 
if we put on one side the twenty sjiecies exclusively found at Concep- 
cion and Chiloe, fifty-nine species from Navidad and the other speci- 
fied Iwalities remain. Of these fifty-nine species, only an Artemis, a 
Mytilus, and Halaniis, all from Coquiinbo, are (in the opinion of Mr. 
Sowerby, but not in that of M. d’Orhigny) identical with living 
sliells ; and it would certainly require a better series of specimens to 
render tliis conclusion certain. Only tlie Turriidla Chilentii from 
Huafo and Mocha, the T, Paia^nica an^ Vmus meridianalU from 
Navidad, come very near to recent S. American siiells, namelv, the 
two Turritellas to T. cingulata^ and the VAus to F. emlbida: 
gome few other species come rather less near ; and some few resemble 
forms in the older European tertiary deposits : none of the species 
resemble secondary forms. Hence 1 conceive there can be no doubt 
that these formations are tertiary,— a point necessary to consider, 
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after the case of Concepcion. The 6fty-nine species belong to thirty- 
two genera; of t^ese, Qastridium is extinct, and tliree or four of the 
genera (viz, Tanopeea, Rostellaria, Corbis?, and I believe Solecurtus) 
are not now found on the west coast of S. America. Fifteen of the 
genera have on this ^j)ast living representatives in about the same 
latitudes with the fossil species ; but twelve genera now range very 
differently to what tliey formerly did. The idea of tlie following 
table, in which the difference between the extension in latitude of the 
fossil and existing species is shown, is taken from M. d'Orbigny s 
work, but the range of the living shells is given on the authority of 
Mr. Cuming, whose long-continued researches on the conchology of S. 
America are well known. 


Genera, with living and 
tertiary species on the west 
coast of 8. America,* 

Latitudes, in which found 
fossil on the coasts of Chile 
and Peru. 

Southernmost latitude, in which 
found living on the west coast 
of S. America. 

Bulla 

30° to 43° 3<y 

12° near Lima 

Cassis 

34° 

1°37' 

Pyrula 

34° (and 36° St/ at CoD- 
cepcion) 

5° Payta 

Fusus 

30° to 43° 30' 

23° Mexillones ; re-appears 
at the St. of Magellan 

Pleurotoma . . . 

34° to 43° 30' 

2° 18^ St. Elena 

J erebra 

34° 

5° Payta 

Sigoretus .... 

34° to 44° 30' 

12° Lima 

Aoomia .... 

30° 

7° 48' 

Perua 

30° 

1° 23' Xixappa 

Cardium .... 

30° to 34° (and 36° 30' at 
Concepcion) 

5° Payta 

Artemis .... 

30° 

5° P^ta 

Mr. Cuming does not know 
of any species living on 
the west coast, between 

1 the equator and lat. 43° 

south ; frum this latitude 
a species is found as 
far soutli as Tierra del 
Fuego. 

Yoluta 

34° to 44° 30' 


When we consider that very few, if any, of the fifty-nine fossil 
shells are identical with, or make any close* approach to, living spe- 
cies ; when we consider that some of the genera do not now exist on 
the west coast of S. America, and that no less than twelve genera 
out of the thirty-two, formerly ranged very differently from the 
existing species of the same genera, wo must admit that these de- 
posits are of considerable antiquity, and that they probably verge on 
the commencement of the tertiary era. May we not venture to be- 
lieve, that they are c^nearly contemporaneous origin with the Eocene 
formations of tlie northern hemisphere ? 

♦ M. d*Orbigny stales that the genus Natica is not found on the coast of Chile j 
hut Mr, Cumiug found it at Valparaiso, Soalaria was found at Valparaiso; Area, 
at Iquique, in lat. 20°, by Mr. Cuming; Area, also, was found by Capt; King, at 
Juan Fernandes, in lat. 33° 
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Comparing the fo«ail remains from the coaH of Chile (leaving out, 
m bofon\ (Concepcion and ChilotO Vf*itb tiuw«) f^pm Patagonui) we 
may conclude, from their generic resemblance, and from Uie email 
number of the six^cies wdiich from either coast approach closely to 
living formal that the* format ions of lx)th bcloyg to nearly tho same 
cp^ndi ; and this is tlie opinion of M. d'Orbigny* Had not a ringlc 
fossil shell been common to the two coasts it could not have liecn 
arguetl that the fonnationa Indongetl to different agea; for Mossra. 
Cuming and Hinds have found, on tho t^unparison of nearly 2000 
living Hj>ecies from the oppwte sides of S*>uth Ainerica,*on1y one in 
common, nainclv% tho pHrpnnt htpiUfi» from both aidtw of the 
istiinniH of Panama: even the sluUs colk^Uf^l by mj'mdf amongst the 
( ’li(;nos islands and on tlio coa.'^t of Patagonia, are dissinuiar, and wc 
rmi^t dosa'nd to the a|K.‘X of tlie continent, to Tierra del Ftiego, to 
hud these two great conchological provinces united into one. Hence 
it is remarkable that fmir or five of llie fossil hboH^ frmn Xavidad, 
namely, Tnrrlt>Iht Puta^f^tniot^^rrvchm 

perhaps X^ttlot and i^rhaps the largo oyster 

fr* in ( oquimbo, are c nsi brred 1>y Mr. Sowf'rby as identical witli 
sperirs fnnn S. (.’ru7. and I\ Desire. M. d’Orbigny, however, admits 
tin? jH'rfcct identity only of tlie Tr^ebus. 

On the l\ tHpci'(Unve Iff the Tertlfup Perif^i , — As the number of 
the fos>il speei<fs and genera fr'»m the we^t<Tn find eastern coasts is 
considerable, it will be interesting to cemsider tie; probable nature of 
the dimate under wliiob ti»ey lived. \V‘e will first take tlie case of 
Xavidad, in lat. where thirty«onc species were collected, and 

wliich, .as vve shall |)resently see, must have inbabitiHl rimllow water, 
and then fore will ruc» j-.s«irily well exhibit the eflV'cts of temjH^^rature. 
It ferring to the table given in the previous page, we find that the 
* xi-ting .Hjiccies of the genera Ca'^sU, Pyrula, Pleiiroionm, Terebra, 
mi l Sigaretu**, which are generally (though by no means invariably) 
( b.iracterihtie of wanner latitudei>», d<te not at the present day range 
m arly so far soutji on this line of coast, a% tlie fossil species formerly 
did. In('luding Co<piimbo, w'c have Perna in tlic same prc<licatnent. 
The firn impn ^sioii from this fact is, that the climate must formerly 
liav»: been warmer than itmow is ; but we must bo very cautions in Jm!- 
initting this, f«ir Cardiuin^ lUdla, and Fumw (and if we include Coquim- 
bo, Anomia and ArUnnis) likewise formerly ranged further south than 
they now do ; and as these genera are far from being characteristic of hot 
climates, tlieir former greaUrr «K>uthem range may well have l)ccn owing 
to causes quite distinct from climate : Vnluta, again, though geneinHy 

tro[)ii al a genus, is at present confined on the w<j8t coast to colder 
or more soutlicni latitudes, than it was during tho tertiary period* 
Tiie Trnrhu^ nMuru^ moreover, and, as wo ha# just seen according 
t<) Mr, Sowerby, two* or threo other species, formerly ranged from 
Navidad as far Honth as Hanta Cruz in lat. If, instead of 

romparih^ ihi* of Navidad, ay wo have hitherto done, with tho 

shells now living on tho west coast of S. Aniorica, wo compare them 
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with those found in other parts of the world, under nearly similar 
latitudes; for instance, in the southern parts of the Mediterranean or 
of Australia, therS is no evidence that the sea off Navidad was for- 
merly hotter than what might have been expected from its latitude, 
oven if it was somewjjat warmer than it now is when cooled by the 
groat southern polar Ainrent. Several of the most tropfcal genera 
have no representative fossils at Navidad ; and there arc only single 
species of Cassis, Pynila, and Sigaretus, two of Pleurotoma and two 
of Terebra, but none of these species are of conspicuous size. In 
Patagonia, tjiere is even still less evidence in the character of the 
fossils, of the climate having been formerly warmer.* As from tlio 
various reasons already assigned, there can be little doubt that the 
formations of Patagonia and at least of Navidad and Coquimbo in 
Chile, are the equivalents of an ancient stage in the tertiary formations 
of the northern hemisplierc, the conclusion that the climate of the 
southern seas at this period was not hotter tlian what might have boon 
expected from the latitude of each place, appears to me highly im- 
portant ; for wo must believe, in accordance with the views of Mr. 
Lycll, that the causes wliich gave to the older tertiary productions of 
tlio q\ute temperate zones of Europe a tropical character, were of a local 
character and did not affect the entire (jlohe. On the oilier hand, I 
have endeavoured to show, in the Geological Transactions, that, at a 
much later period, Europe and North and South America were nearly 
contemporaneously subjected to ice-action, and consequently to a 
colder or at least more equable climate than that now characteristic 
of the same latitudes. 

On the Absence of eMenslve modei'n Conchiferous Deposits in South 
America; and on the Contemporaneousness of the older J'ertiary 
Deposits at distant points being due to contemporaneous morements of 
subsidence. — Knowing from the researches of Prof. E. Forbes, that 
molluscous animals chiefly abound within a depth of 100 fathoms 
and under, and bearing in miyd how many thousand miles of both 
coasts of 8. America have been upraised within the recent period 
by a slow, long-continued, intermittent movement, — seeing the di- 
versity in nature of the shores and the number of shells now living 
on them, — seeing also that the sea oflf Patagonia and off many parts 
of Chile, was during the tertiary period highly favourable to the 
accumulation of sediment, — the absence of extensive deposits including 
recent shells over those vast spaces of coast is l»ighly remarkable. 
The conchiferous calcareous beds at Coquimbo, and at a few isolated 
points northward, offer the most marked exception to this statement ; 
for these beds are from twenty to thirty feet in thickness, and they 
stretcli for some miles aibng shore, attaining, however, only a very 
trifling breadth. A4 Valdivia there is some sandstone with imper- 

* It mny be worth while to mention, that the shells living at the present day 
on this eastern side of S. America, in lat. 40°, have perhaps n more tropical 
character than those in corresponding latitudes on the snores of Europe: (or at 
Bahia Blanca and S, Bias, there are two fmo species of Voluta, and four of Oliva, 
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fePt casta of ahclUs which pomUy way hcUmg to iho tetmi pariotl ; 
parts of ttio boulder fomiation and the ahinglikhcdi on the tower 
plains of Patagonia prolmbly belong to tJiia same but neither 

are fossiliferous : it also ao hap|>efiii that the great Pawpoan forma- 
tion does not include, with the exception of Jibe Jlaara, any wol- 
lusca. There cannot be itie stnalleat doubt that the unraisea altollii 
along the slioies of the Atlantic and Pacific, whether lyinff on the 
bare surface, or einlwdtled in mould or in sand-htlioeka, will in the 
coarse of age^ be deeiroycHl by alluvial action : ibis protehly will l)0 
the case even w'ith the calcare4)ii» IkhIs of Coqiiiinbo, SO liable to 
dissoIutii>n by raiii-wat*T. If we lake into contfideratlftn iho pro- 
l)a!»ility of oscillations of level and the e<miicquent action of the tidal 
waves at diflcrcnt liciglits, their destruction will appear almost cer- 
tain. I^fkiiig to at) ep<*ch as fardihtani in futurity aa we now are 
from the past inioceno ^h'TokI, there scimis to me acarcely a chance, 
under existing conditions, of the numerous shells now living in those 
zones of depths most fertile in life, and foimd exclusively on* the 
western and south-eastern coasts of 8. America, lacing prcj^crveil to 
this imaginary distant ejH>ch. A whole conrhological stTics will in 
time be swept away, with no memorials of their existence prtwerved 
in the earth's crust. 

Ciin any light be tlirow n on tliis r«»niarkable absence of rpcent eon- 
chiforous dep<»sits on th(?so coasts, tm which, at an ancient tertiary 
epoch, strata abiumding with organic tn^mains were extensively accu- 
mulated ? I think there can, namely, hy considering the conditions 
iH'Cossary for tlie pres4?rvati(>n of a formation to a distant age. 
Looking to the enonnous amount of denudation which on all sides of 
us has been eftVctcMl , — m evideiicetl by tlie lofty cliffs cutting off on 
so many coasts borizontal and once far exteinltHl strata of no great 
antiquity (as in tlie case of Patagonia), — as evidenced by the level 
surface of the ground on lioth sub's of great faults and disloca- 
tions, — hy inland lines of escarpments, by outliers, and numWrIess 
otljcr facts, and by that argument of high generality advanced by 
Mr. Lyell, namely, that every Hiiinimtary formation, whatever its 
thickiurss may be, and over however many hundred square mihw it 
may extend, is the rt,^i)lt and the measure of an equal amount of 
wear and tear of pro-existing formations ; considering these facts, we 
must conclude that, as an* ordinary rule, a formation to resist such 
vast destroying j^wers, and to to a distant epoch, must bo of 
wide extent, and either in itself, or together with superincumbent strata, 
ho of great thickness. In this discussion, wo are eoftsidoring only 
formations containing the remains of marine animals, which, oa before 
mentioned, live, with some exceptions, within (most of them much 
within) depths of a hundred fathoms. Il6w, then, can a thick and 
widely exU‘n<led formation be accumulated, which shall include such 
organic remainn? First, let us take iho case of the IkkI of the sea 
h»ng remaining at a stationary level : under these erreumstanoee, it is 
c'vnlent that amcktferom strata can nceumulato only to the same 
thickness witli the depth at which the shedU can live ; on gently in- 
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dined coasts alone can they accumulate to any considerable width ; 
and from the want of superincumbent pressure, it is probable that the 
sedimentary mattA’ will seldom be much consolidate ; such forma- 
tions have no very good chance, when in the course of time they are 
upraised, of long resjsting the powers of denudation. The chance 
will be less if tlie submarine surface, instead of having remained 
stationary, shall have gone on slowly rising during the deposition of 
the strata, for in this case their total thickness must be less, and each 
part, before being consolidated or thickly covered up by superin- 
cumbent matter, will have had successively to pass through the ordeal 
of the beaeflPs and on most coasts, the waves on the beach tend to 
wear down and disperse every object exposed to their action. Now, 
both on the south-eastern and western shores of S. Amenca, we have 
had clear proofs that the land has been slowly rising, and in the long 
lines of lofty cliffs, we have seen that the tendency of the sea is almost 
everywhere to eat into the land. Considering these facts, it ceases, I 
think, to be surprising, •that extensive recent conchiferous deposits are 
entirely absent on the southern and western shores of America. 

Let us take the one remaining case, of the bed of the sea slowly 
subsiding during a length of time, whilst sediment has gone on being 
deposited. It is evident that strata might thus accumulate to 
any thickness, each stratum being dfeposited in shallow water, and 
consequently abounding with those shells which cannot live at great 
depths : the pressure, also, I may observe, of each fresh bed would 
aid in consolidating all the lower ones. Even on a rather steep coast, 
though such must ever be unfavourable to widely extended deposits, 
the formations would always tend to increase in breadth from the 
water encroaching on the land. Hence we may admit that periods 
of slow subsidence will commonly be most favourable to the accumu- 
lation of conchiferoiis deposits, of sufficient thickness, extension, and 
hardness, to resist the average powers of denudation. 

We have seen that at an ancient tertiary epoch, fossiliferous deposits 
were extensively deposited on ^the coasts of S. America ; and it is a 
very interesting fact, that there is evidence that these ancient tertiary 
beds were deposited during a period of subsidence. Thus, at Navidad, 
the strata are about 800 feet in thickness, and the fossil shelb are 
abundant both at the level of the sea aqd some way up the cliffs ; 
having sent a list of these fossils to Professor E. Forbes, he thinks 
they must have lived in water between one and ten fathoms in depth : 
hence the bottom of the sea on which these shells once lived must 
have subsided at least 700 feet to allow of the superincumbent matter 
being deposited. I must here remark, that, as all these and the 
follow ing fossil shells are extinct species, Professor Forbes necessarily 
judges of the depths at v^hich they lived only from their generic cha- 
racter, and from the analogical distribution of shells in the northern 
hemisphere ; but there is no just cause from this to doubt the general 
results. At Huafo the strata are about the same thickness, namely, 
800 feet, and Professor Forbes thinks the fossils found there cannot 
have lived at a greater depth than fifty fathoms, or 300 feet. These 
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two {H>inta, namely Navlda<l and Htiafo» aw? 570 inU«« tpaii^ but 
nearly half-way Uotween them lie* Mocbfti an ialand I2t>0 feet in 
height, apparently formevl of tcrtiar)* strata up to aninmit^ and 

with many ^ihclb, incltuling the «ame TiirrYtoUa with that found at 
liUiifo, emlHHldetl close to the level of the ^ In Patagonia^ «ihell» 
are numerous at C'ruy^ at the foot of lha 35d feet plain, winch hm 
certainly lx*en formed by the denudation of the Hit) feet plain, atid there- 
fore was originally covcretl hy strata that numlH?r of feet in Ihickitees, 
and tht^ shells, acconling to Profesi«or ForlK*s, proliabJy lived at a depth 
of between seven and lifU'en fathoms: at Port S. Juliafu sixty mih^* 
to the north, shells are numerous at the hnU of the nind^ fiH*t plain 
(formed by the denudation of the !*50 feel )dain), and likewise occa- 
vionally at the height of <k>veral luindr<'«l fet'l in the npjxrr strata ; 
tb->e slu-lb have livt:d in water somewhere between five and 
tifty fatlu^ms in iloplli. Although in other parts of Patagonia I have 
no ilireet e\ idenct^ of shoal- water shellf* having betMi buried under a 
un at th ckm'HS t f sn|s^rincntulM nt stibmariiie strata, yet it shouU! Ixt 
borne in mind that the lower fo«%ihft;roii» strata with several of the 
same of niollusca, the upi'^T tufaceons IhhIs, and the? high 

-nmm t-plain, -iretcb for a consiiierable distanc** southward, anti tor 
hiindrevl> ot mil - norib'vard; seving tbb uniformity of structure, I 
e» nceivc it may l»o lairly eoTJcluHtd ll^at the subsidence' hy which the 
shill-^ at jS. i’ruzand S, Julian wen* carried ‘lown atul coveretl up, 
was not tonfuied to iho-^o two points, hut was com xtensi\e with a con- 
siderable portion ej the Patagonian bTtiary farmati»»n* In a Hucceeding 
chapU r it will be s<'cn, that we are le<l t(v a '‘iinilar c<^mchision witli 
respect t^^ the secumbiry fos^^iliferous strata “f tbe Cordillera, namely, 
tluit they abo wert.‘ deposited during a lung-continued and great 

|KrriiMl f»f ‘iubdtience. 

I’rnin the foregoing rcasouiug, atnl from the facts just given, I think 
we nni-»t ailrnit the probability f»f the following pro|)nsition ; namely, 
that when tiie bed of tin* w\a is cither Ktation 4 ary or rising, ciitruin- 
‘•taije. H are lar lej^s iavo\i rat.de, than w|ien the level is mnking, to the 
accumulation of deposits r>f Hufiicient thicknu!?® and 

exlciisi<;H to rcj-^ist, wlu n uphoavcsl, the avemge vaut amountof denu- 
dation. rids result appears to me, in Bovoxal very interest- 

ing . every mie is at fiiNt, incliiKMl to believe that at innuinarable 
points, wherever tin re \h a supply of g^jdiment, fimtliferous atrata arc 
now farming, whicli at some future di?iUnt epoch will he, uplieaved 
and preserved ; hut (ju the viewft above given, wo must conclude tliat 
this is far from being the case; on the contrary, wo reuuiro (l«t) 
l‘>ng-continu(sl s\ipply of mlimeut, (2nd) an oxtonftive shallow area, 
4uul (drd) that tliis area sliall slf»wly subside to a groat depth, «o as to 
admit the accumulation of a widely-ex tended thick nmn of »U|)erin- 
emubont strata. In how few part** of the world, probably, do thoso 
eonditmrjg at the prcHctii day eonowr ! We can thus, also, understand 
JO general want of that close Horpionce in fossiliferona farmatiottfl 
vv nc I we ^ojgbt theoretically have anticipated ; for, without WO 0 Up- 
poj,( a ::u J3i<lmg movement to go on at the .same 6j>ot during an ciior'- 
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inous pcriofl, from one geological era to another, and during the whole 
of this period sediment to accumulate at the proper rate, so that the 
depth should not^ become too great for the continued existence of 
molluscous animals, it is scarcely possible that there should be a per- 
fect sequence at tho same spot in the fossil shells of the two geological 
formations.* So far from a very long-continued subsidence being 
l)robable, many facts lead to the belief that the earth’s surface oscillates 
up and down ; and we have seen that during the elevatory movements 
there is but a small chance of durable fossiliferous deposits accu- 
mulating. ^ 

Lastly, tffese same considerations appear to throw some light on 
the fact that certain periods appear to have been favourable to the 
deposition, or at least to the preservation, of contemporaneous forma- 
tions at very distant points. We have seen that in S. America an 
enormous area has been rising within the recent period ; and in other 
quarters of the globe immense spaces appear to have risen con- 
te]t^^)oratioou8ly. Fnan my examination of tho coral-reefs of the 
great oceans, I have been led to conclude that the bed of the sea has 
gone on slowly sinking within the present era, over truly vast areas ; 
this, indeed, is in itself probable, from the simple fact of the rising 
areas. jjaving been so large. In S. America w^e have distinct evidence 
that at nearly tlie same tertiary period, the bed of the sea off parts of 
the coast of Chile and off Patagonia was sinking, tliougli these regions 
are very remote from each other. If, then, it holds good, as a general 
rule, that in the same quarter of the globe the earth's crust tends to 
sink and rise contemporaneously over vast spaces, wo can at once see, 
that WH* have at distant points, at the same period, those very condi- 
tions wliicli appear to be requisite for tho accumulation of fossiliferous 
masses of sufficient extension, thickness, and hardness, to resist denu- 
dation, and consequently to last unto an epoch distant in futurifcy.f 

♦ Professor H. D. Roger?, in his excellent address to the Association of 
American Geologists (Silliman’s Journal, vol. 47, p. 277), makes the following 
remark : 1 (jiiostion if we are at aj) aware how completely the whole history of 

all departed time lies indelibly recorded with tho amplest minuteness of detail in 
the successive sediments of the globe, how effectually, in other words, every 
period of time has written its own history, carefully preserving every created 
form and every trace of action.” 1 think tho correctness of such remarks is more 
than doubtful, even if we except (as I supposoibe would) all those numerous 
organic forms which contain no hard parts. 

f Professor Forbes has some admirable remarks on this subject, in his Report 
on the Shells of the /Egean Sea. In a letter to ]\lr. .Maclaren (Edinburgh New 
rijil. Journal, January 1043), I partially entered into this discussion, and en- 
deavoured to show that it was highly improbable, that upraised atolls or barrier- 
reefs, though of great thickness, should, owing to their small extension or breadth, 
bo preserved to a distant future period. 
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PLITOXIC AND METAMOBPHIC BOCKS :-CLEAVA6e AND 
FOLIATION. 

lire:U, BaMa, fnriM v-Ui duyoiaM rnriamorfiimd diitt-^Slrih 
Rio ilf Janeiro, pariu-jfraailt, mMM /rapatmt », dema^mdUim <(/-- 
la Plata, mttamorpkie and old rotemie rack* nf—S. Ptntma-^Otyitoou 
porphyry formation of Patapmma ttnptimr miiimarpkie roektt tprudo- 
dikea- Falkland htanda, palrtotoit fttuR* <^-~Tihra del Fn*f9, claf-klatt 
formation, crttaetoiu fouilt yf . f/wrrojff md folMian; fbrm ^ htad— 
Ckcmot AreMprlayo, mica Kkui$,fotiatiiM dittarM Ay pamtic turiti diktir— 
t'hiloe — Conttpnim, dikn oHcftttirt format iom nf— Central and Sorthtrn 
Ckih—CoiKludmo remarkt oh elrarap and fatialum — Tktir float anatoyy 
and timilar oripn — StraliJIeatioH ^ mttamorpkk Kkkia — Faiiathm «/ 
inirtitirt rorh— Relation (jjf eltatagt and foliation to Iht tinaa </ Itnaton 
(iHnny iHetamorphom. 

TitP. nictamorpliio anil phttontc fortnations of tlip w'vcral dUtricts 
visitoil by the IWa(»lf, will be here cbielly Ireattil of, biU only such 
ca-n-s . 1)1 a|>|Har to ine new, or of some jpccial interext, will bo dweribod 
ill dftail ; at the end of the cliaptor 1 will «iini up all the facta on 
cleaMoi; ami foliation,— to which I particularly attotided. 

liaJiia, liritzil ; hit, aoulh . — The provaitins rock iagQoi»<,ofieu 
paxsinjj, by tho diaappearartee of iho (juarla ana mica, and by the 
foldsjar losing its rod coloar, into a brilliantly grey priniitiro gwo* 
stone. Not unfn.<qu(»itly quartz and honibloodo are arran^ in 
layers in alinoiit amorphous fddstmr. There ie eoine 6nc-gTaiDcd 
syenitic granite, orbicularly marked by ferruginous lines, and weather- 
ing into vertical, cylindrical holes, almost touching each Other. In 
the gneiss, concretions of granular feldspar and others of garnets with 
mica occur. The gneiss is traversed by numerous dikes composed of 
black, finely crystallized, iiomblcndio rock, containing a little glassy 
felibpar and sometimes mica, and varying in tbicknese from mere 
threads to ten feet : these threads, wliicit are often currilinear, could 
sometimes be traced running into the larger dikes. One of these dikes 
was remarkahlc from having been in two or three places laterally dis- 
jointed, with unbroken gneiss interposed between tne broken ends, and 
in one part with a piirtion of tho gneiss driven, apparently whilst in a 
softened state, into its side or wall. In several noiglibouring places, 
the piciss included angular, well-defined, sometimes bent, masses of 
liomblende rixik, quite like, except in being more jieifcctly crystallized, 
that forming the dikes, and, at least in one inatanoe, containing (aa 
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determined by Professor Miller) augite as well as hornblende. In one 
or two cases these an^ar masses, though now quite separated from 
each other by the solid gneiss, bad, from their exact correspondence in 
size and shape, evidently once been united ; hence I cannot doubt that 
most or all of the fra^ents have been derived from the breaking up 
of thfe dikes, of which we see the first stage in the above mentioned 
laterally disjointed one. The gneiss close to the fragments generally 
contain^ many large crystals of hornblende, which are entirely absent 
or rare in other parts : its folia or laminae were gently bent round the 
fragments, in the same mimner as they sometimes are round concre- 
tions, Hence the gneiss has certainly been softened, its composition 
modified, and its folia arranged, subsequently to the breaking up of the 
dikes,* these latter also having been at the same time bent and softened. 

I must hero take the opportunity of premising, that by the term 
chavagcy I imply those planes of division which render a rock, appear- 
ing to the eye quite or nearly homogeneous, fissile. By the term 
I refer to the layers or plates of different mineralogical 
nature of which most metamorphic schists are composed ; there are, 
also, often included in such masses, alternating, homogeneous, fissile 
layers or folia, and in this case the rock is both foliated and has a 
cleavage. By stratification^ as applied to these formations, I mean 
those alternate, parallel, large masses of different composition, which are 
themselves frequently cither foliated or fissile, — such as the alternating 
so-called strata of mica-slate, gneiss, glossy clay-slate, and marble. 

The folia of the gneiss within a few miles round Bahia generally 
strike irregularly, and are often curvilinear, dipping in all directions at 
various angles : but where liest defined, they extended most frequently 
in a N. E. by N, (or east 50° N.) and S. TV. by S. line, correspond- 
ing nearly with the coast- line northwards of the bay. I may add 
that Mr. Gardner t found in several parts of the province of Ceara, 
which lies between 400 and 500 miles north of Bahia, gneiss with the 
folia extending E. 45® N. ; and in Guyana, according to Sir R. 
Schomburgk, the same rock strikes E. 57° N. Again, Humboldt 
describes the gneias-granite over an immense area in Venezuela and 
even in Colombia, as striking E. 50<» N., and dipping to the N. W. 
at an angle of fifty degrees. Hence all the observations hitherto 
made, tend to show that the gneissic rocks over the whole of this part 
of the continent, have their folia extending generally within almost a 
point of the compass of the same direction.^ 

♦ Frofesaor Hitchcock (Geolog. of Massachusetts, voL ii. p. 673) gives a 
closely similar case of a greenstone dike in syenite. 

t Geological Section of the Brit. Assoc. 1840, For Sir R. Schomburgk’s 
observations, sea Geograph. Journal, 1842, p. 190. See also Humboldt’s discus- 
sion on Loxodrism in the Personal Narrative, 

% 1 landed at only one place north of Bahia, namely^ at Pernambuco. I found 
there only soft, horizontally stratified matter, formed from disintegrated granitic 
rocks, and some yellowish impure limestone, probably of a tertiary epoch. I 
have described a most singular natural bar of hard sandstone, which protects 
the harbour, in the 19th vol. (1841), p. 268, of the London and Edin. Phil. 
Magazine.— AanotHOs Tslfts, lat, 18® 8, off ths coast of BraxiL Although 
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/f<<) Tlti« wltoW ilbtrirt H excluiwivdy fumuii 

of giidiSi^ aboiiioliu^ juul i wirpliyt hie w HU large cryi^tal«, 

evi>a three aiul four inclu'^ in length, ol i»rUMM^laae TeUlspflur : iu iIkh' 
cry?^Ul:f, mica an<\ gnrnetj^ .-^re n tnvhw*c4. Ai the \vtt»l€*rn Intsjc 
of the (\>rc tA;v!o, tluw h !*uuio ferrugimuoi C4rioll4 tjunrU-iock ; 
aiul iu the Tijeuka range, much r»iie-graint4 graiute. I otjierv^Nl 
bouhierii of grtrti^^toiic in f^ vcral ; ami on Urn idet of Vtllc- 

gagnoiK ami likcrti-io «*n the o>a^t niiU** north war»U two large 

trap|*^.'*a> 4ikts. 'I’he jn^rj iiyfiite gnciM. or granite ' m it hns 

Ihvu ealktl hy lluusl>^>Kit, only «'» far RliaU^ that lha Cvm^tittunu 
iniiu ral^ are arrange^I with a certain dcgrix’ ut regtilariiy, nmi may U 
>aid to huvr a ^ but they are not a^jwatCKl into diistinct folia 

or lamiiui*. I'hcrc ari\ however, R^veral otlnfr vamties of uucIm 
rvi^ul uly foliaied, and alternating witli each other m Ko-ca!le4 j*lrata. 
riie ^^iralihvalion and foliation \4 the ordinary and the foha* 

li ui or gra »if the gnei^ei granite, are ] arallel l(« v4u h other, and 
g* lurally -tnko within a point i f N.K. and NV. dipping at a ruL'h 
.ingle (UtvMtu o<>^ and py^neralty to ; ?o tfiat here again 
wo nioel with lla- strike prt;v:ilent ov^'r ilo' nioi>,’ northern part*- 
»‘f thi- cvvnt incut. The mountaiu?H «if gin'i>?i*gr;ante are to a re- 
luarkaldc thgrte ahruptly conical, which cauH'^l by the roik 

linding to e.xhdiale in thick, coiiicall) roneentrie luvefA: tluw* ptak> 
rescmhle in hhujnj th<iM' of plomolite and »4!)er mj< cted r»K"kj< <>ji 
volcanic i-iaiid** ; n»'r U the grain of foliation (jh we ■^hall .afterward- 
see) any duTuuhy on the idea <‘f the ^granite having Ikhu an 

intrin-he rulher than a nutaueirphie forjoation. 'riic linc-^ of moun- 
tains hut not alwavs I'ach j^^^jiarato hiil, range nearly in the kmuc 
direction with tin? foliation and h-o-ealled ^tnititieaiion, hut rullo f 
more ea^sterly. 

On a i>are gently inclined surface e»f the porphynlic giud'SH in Ihito- 
f« go Hay, I ob?^er\<<l the a[ipearance here reprt^nite<h 

A fragment .sevoti yard.i long and two in width, with angular and 
di'‘tinctly defined edgi*«, coinpimHl n( a peetdiar variety of picbsi 
w ith *l,ark layer* of mica and gamet.% iji murouiidcd on uU aidc*^ hy 
the (>rdinary gnei^s-gratfite ; both having berm cVmIucatod by a granitic 
vein. The folia in the fragment and iu the surrounding rock strike in 
the ^ame N.N.E. and S.Jtl.W. line; but in the fragtneni they are 
vertical, whereas in the gncii^graniUr they dip at a amall angle, 
Hiiown hy the arrows, to »S.8.K. Thhi fmgiiient> cimsidering its great 
j-d/e, its Military position, and it* foliated structure parallel it) that 

,v 

not strictly in place, I do not koovr vrhvro I can mere convenisiitlf describe thif 
hult. ^^roup of amaU islands. Tho lowcmt Wd i» a aatHlatono with f#tnigiwo'** 
voins ; it w«»athors into an nxtraordtnarilir honny-epmbtid (dms ; above It there 
IB a flark-colouml af^illacf'onrt ahalo ; abovo this a coarser iandatowe— mckiog » 
total ihicknfRs of about sixty fool ; and laaily, alioro llicac aediwarttary beda, 
thero js a fine conf.,rmHbi« ifcnns of grewnatone, in aome part* haring » columnar 
airuciuro. All tbf, straitt, as woll aa iho surface of ih» land, dip ttt an angle of 
rn^. ' i. ^ by \V. Some of the isl«»ta am compoaecl aourely of iba «i>di- 

^ rocka. gonarally, howavor, with iba aaiidatonei 

cropping out on tl,c southorn ahoriia. 
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of the surrounding rock, is, as far as I know, a unique case : and 1 
will not attempt any explanation of its origin. 


No. 22. — FRAOMBNT OF GNEISS EMBEDDED IN ANOTHER VARIETY OF 
THE SAME ROCK. 



Tlie numerous travellers* in this country, have all been greatly sur- 
prised at the depth to which the gneiss and other granitic rocks, as 
well as the talcose slates of the interior, have been decomposed. 
Near Rio, every mineral except the quartz has been completely 
softened, in some places to a depth little less tlian one hundred feet.f 
The minerals retain their positions in folia ranging in the usual direc- 
tion ; and fractured (piartz veins may be traced from tlie solid rock, 
running for some distance into the softened, mottled, highly coloured, 
argillaceous mass. It is said that these decomposed rocks abound 
with gems of various kinds, often in a fractured state, owing, as some 
have supposed, to the collapsq of geodes, and that they contain gold 
and diamonds. At Rio, it appeared to me that the gniess had been 
softened before the excavation (no doubt by the sea) of the existing, 
broad, flat-bottomed valleys ; for the depth of decomposition did not 
appear at all conformable with the present, undulations of the surface. 
The porphyritic gneiss, where now exposed to the air, seems to with- 
stand decomposition remarkably well; and I could see no signs of 
any tendency to the production of argillaceous masses like those hero 
described. I was also struck with the fact, that where a bare surface 
of this rock sloped into one of the quiet bays, there were no marks 
of erosion at the level of the water, and the parts both beneath and 
above it preserved a unif<5rm curve. At Bahia, the gneiss rocks are 

♦ Spix and Martius have collected, in an Appendix to their Travels, the largest 
body of facts on this subject. See, also, some rtmarks by M, Lund, in bis 
conimunicalions to the Academy at Copenhagen j and others by M. Gaudiebaud, 
in Treycinet's Voyage. .... 

t Dr. Benza describes granitic rock (Madras Journal of Lit. &c. Oct. 1836, 
p. 246), in the Neelgherries, decomposed to a depth of forty feet. 
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stmikrlf deoompoMd, with the ttppcf parts insensibly losing tlteir 
foliation, and passing, witiioiit any distinct lino of separation, into a 
bright argiUaoeoiis earth, including partially founded fragments 
of quarts and granite. From this circumstance, and from the rocks 
appearing to have sufTcred decomposition before tho excavation of the 
vaueys, i suspect that here, as at Rio, the decomposition took place 
under the sea. Tlie subject appeared to roe a curious one, and would 
probably welt repay careful examination by an able mineralogist. 


The Northern Province$ of La Plata , — According to aome obscr* 
vations communicated to me by Mr. Fox, tliocoa.^t from Rio do Janeiro 
to the mouth of tho Plata seems everywhere to l>o granitic, witii a 
few irappean dikes. At Port Alegre, iK*ar the boundary of Brutil, 
there are porphyries and diorites. At tho month of the Plata, I 
examined tho country for twenty- five miles west, and for alniut 
seventy miles north of Maldonado: near this town, there is some com-> 
nion gneiss, and much, in all parts of the country, of a coarse- gratned 
mixture of quartx and reddish felds}>ar, often, however, assuming a 
little dark- green imperfect hornblende, and then iininediatcly be- 
coming foliated. The abrupt hillocks thus composeti, as well as the 
highly inclined folia of the common varieties of gneiss, strike N.X.E, 
or a little more easterly, and S.S.W, Clay-slate is (occasionally met 
with, and near tho L. del Potrero, there is wliite nmrhle, rcnderetl 
fissile from the presence of hornblende, mica, and asbestos; the 
cleavage of these rocks and their stratification, that is tho alternating 
masses thus composed, strike N.N.E. and 8.S.W. like the foliated 
gneisses, and have an almost vertical dip. The Sierra Larga, a low 
range five miles west of Maldonado, consists of r^uartzito, often ferru- 
ginous, having an arenaceous feel, and divided into excessively thin, 
almost vertical latnin® or folia by microscopically miiuita scales, 
apparently of mica, and striking in the usual N.N.E. and S.S.W. 
direction. Tho range itself is formed of one princifml line with some 
subordinate ones; and it extends with remarkable uniformity far 
northward (it is said even to the confines of Brazil), in the same line 
w ith the vertically ribboned quartz rock of which it is composed. 
Tlie B. de las Animas is the htgWt range in the country ; I estimated 
it at 1000 feet ; it runs noith and sontb, and is formed of feldspathio 
poqdiyry ; near its base there is a N.N,W» and S.S«E. ridge of a 
conglomerate in a highly pori>ltyriiic basis. 

Northward of Maldonado and south of Las Minas, there is an E. 
and W. htllv band of country, some miles in width, formed of sili- 
ceous clay-siate, with some quartz rock and limestone* having a tmtuous 
trreeular cleavage, generally ranging east and west. East and S« E. 
of Las Minas tiirre is a confused district* of itnnerfeei gneiss and 
laminated quartz, with the hills ranging in various direetlonSi but with 
each se^iarate hill generally running in the same line witli the folia 
of the rocks of which it is composed : this confusion appears to have 
been caused by the intersection of tlie |[E* and W.J ano ^N«N.E. and 
• M. UsbsUs, Voysgs S B, Aytee, p. 479, 
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S.S.W.] strikes. Northward of Las Minas, the more regular nortli- 
erly ranges predominate : from this place to near Polanco, we meet 
with the coarse-gained mixture of quartz and feldspar, often with 
the imperfect liornblende, and then becoming foliated in a N. and S. 
line, — with imperfect clay-slate, including laininee of red crystallized 
feldspar, — with whitc*or black marble, sometimes containing asbetus 
and crystals of gypsum, — with quartz -rock, — with syenite, — and lastly, 
with much granite. The marble and granite alternate repeatedly in 
apparently vertical masses : some miles northward of the Polanco, a 
wide district is said to be entirely composed of marble. It is remark- 
able, how rare mica is in the whole range of country north and west- 
ward of Maldonado. Throughout this district, the cleavage of the 
clay-slate and marble, — the foliation of the gneiss and the quartz — the 
stratification or aliernating masses of these several rocks, — and the 
range of the hills, all coincide in direction ; and although the country 
is only hilly, the planes of division are almost everywhere very highly 
inclined or vertical. • * 

Some ancient submarine volcanic rocks are worth mentioning, from 
tlieir rarity on this eastern side of the continent. In the valley of the 
Tapas (fifty or sixty miles N. of Maldonado) there is a tract three or 
four miles in length, composed of various trappeau rocks with glassy 
feldspar, — of aj)parciitly jnetamorphosed grit-stones, — of purplish 
amygdaloids with large kernels of carbonate of lime,* — and much of a 
harsliish rock with glassy feldspar intermediate in character between 
claystoiie porphyry and trachyte. This latter rock was in one 
s])ot remarkable from being full of drusy cavities, lined with quartz 
crystals, and arranged in planes, dipping at an angle of 50° to the 
cast, and striking parallel to the foliation of an adjoining hilP com- 
posed of the common mixture of quartz, feldspar, and imperfect horn- 
blende : this fact perhaps indicates that these volcanic rocks have been 
metamorphosed, and their constituent parts re-arranged, at the same 
time and according to the same laws, with the granitic and metamor- 
phic formations of this whole region. In the valley of the Marmaraya, 
a few miles south of the Tapas, a band of trappean and amygdaloidal 
rock is interposed between a hill of granite and an extensive surround- 
ing formation of red conglomerate, which (like that at the foot of the 
S. Animas) has its basis porphyritic witlj crystals of feldspar, and 
which hence has certainly sufiered metamorphosis. 

Monte Video, — The rocks liere consist of several varieties of gneiss, 
w’ith the feldspar often yellowish, granular and imperfectly cryst^lized, 
alternating with, and passing insensibly into, beds, from a few yards 
to nearly a mile in thickness, of fine or coarse grained, dark-green 
hornblendic slate ; this again often passing into chloritic schist. These 
passages seem chiefly due to changes in the mica, and its replacement 
by other minerals. At Rat Island I examined a mass of chloritic 
schist, only a few yards square, irregularly suitounded on all sides by 
the gneiss, and intricately penetrated by many curvilinear veins of 

♦ Near the Pan de A*ucar there is some (spreenish porphyry, in one place 
amyK^laloidal with aKate. 
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quartz, which gradually hletui into the gneiss : the cleavage of the 
chloritic schist aiul the foliation of the gneiss were exactly parallel. 
Eastward of the city there is much fine-graincKl daA-colourcd gneiss, 
altntxst assuming the character of hi>rnhlende‘slatc, which alternates 
in thin laminm with laininoe of quartz, the wlude moss being trans- 
versely intorswted hy numerous large veins of quartz : I particularly 
observed that thes<} veins were al>Si>lutely continuous with the alter- 
nating lamiiue of quartz. In this case and at Rat Island, the passage 
of tlie gneiss into im]KTfect hornhlendic or into chloritic slate, sc*cnuH| 
to he coTinoctod %vitli the s<‘gregatioii of tl»e veins of qu.artj.* 

The Mount, a hill helioved to l>c toO ft'ct in height, from which 
the place takes its name, is much the highest land in tliis neighlxmr- 
hood : it consists of honiblendic slate, which (except on the c.astcrn 
and disturl>cd base) has an cast and W(^t nearly vertical cKavag<‘ ; 
tlie longer axis of the hill also ranges in this sanit* line. Near thu 
«'Unniiit tfie honihlende-slnte gmaually heconusai more and more 
coarsely crystalll/Axl, and less plainly laminated, iiiUil it passes iifto a 
heavy, sonorous greenstone, with a slaty conchoidal fracture ; tlic 
lamiiue on ti»e north and south sides near tlie summit dip inwards, as 
if this upper part had oxpandtsi or bulged outwards. This greenstone 
must, I conceive, he considered a.s ructanu)r])hosed hornhleude-»lato, 
d’lie (’errito, the next highest, hut mu|jli less elevated point, is 
almost similarly composed. In the more western parts of the pro- 
vince, l>esides gneiss, there is quartz-rock, syenite, and granite; and at 
Colla, I lieard of marble. 

Near M. V^'ideo, the space which I more accurately examined w'as 
al>out fiftcvn miles in an cast and west line, and here 1 fotiml the 
foliation of the gnei.si!i and the cleavage of the slates gem raily well 
developed, and extending j)arallei to the alKTnating strata composed 
nf the gneiss, hornhlendic and chloritic schistw. These? planes of 
division all r.inge within one point of east and w#s*t, frequently cast 
by south, and w(^t by north ; their dip is generally almost vertical, 
and scarcely anywhere under 4o°: tliijjf fact, conridering how sliglitly 
nudulatory the surface? of the country is, dc'servt^ attention. West- 
ward of Si, Video, towards the Uruguay, wherever the gneiss is ex- 
posed, the higlily inclined folia are seen striking in the same direc- 
tion ; 1 must except one, spot where the strike was N.W, hy W. 
I'lic little Sierra de 8. dqari, forme«l of giunss and laminated quartz, 
rnu)j«t also be o.xceptcil, for it ranges lictwcen fN. to N.K.] and p. to 
S. and wems to belong to the same system with the hills tn the 
Maldonatlo district* Finally, wo have seen that, for many miles 
northward of Maldonado and for twenty-fivo miles westward of it, as 
far a.4 the S. de las Animas, the foliation, cleavage, »o-caticd atraiifica- 
ti'»n and Hnr*^ of hills, all range N.N.E. anti S.S#W., which is nearly 
coincident with the adjoining coast of the Atlantic, Westward of 

♦ Mr. fp. 7a, Cfiti(?sl Exftminstion. !>«».) obterref tbit quart* 

mictt-JiUo* sp{)«Ar« in beds simI sometiatsi i« veina. Voa Hach aUo, 

ui hi<i Tra>#-U >n Sntnny (p, remarks on altamaiing lamiaw af quarts i»<l 
hornblende r«pliictng mtcA-Acbitt. 
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the S. de las Animas, as far as even the Uruguay, the foliation, 
cleavage, and stratification (but not Hnesf of hills, for there are no 
defined ones) all Srange about B. by S. and W. by N., which is 
nearly coincident with the direction of the northern shore of the 
Plata : in the confused country near Las Minas, where these two 
great systems appear to intersect each other, the cleavage, foliation, 
and stratification run in various directions, but generally coincide with 
the lino of each separate hill* 

SoutherrfLa Plata , — The first ridge, south of the Plata, which 
projects through the Pampean formation, is the Sierra Tapalguen and 
Vulcan, situated 200 miles southward of the district just described. 
Tliia ridge is only a few hundred feet in height, and runs from C. 
Corrientes in a W.N.W. line for at least 150 miles into the interior : 
at Tapalguen, it is composed of unstratified granular quartz, remark- 
abl <4 from forming tab*ilar masses and small plains, surrounded by 
precipitous cliffs : other parts of the range are said to consist of 
granite ; and marble is found at the S. Tinta, It appears from M. 
Parchappe’s* observations, that at Tandil there is a range of quartzose 
gneiss, very like the rocks of the S. I^arga near Maldonado, running 
in the same N.N.E. and S.S.W. direction ; so that the frame»work 
of the country hero is very similar to that on the northern shore of 
the Plata. 

The Sierra Guitni-gueyu it situated sixty miles south ‘of the S, 
Tapalguen : it consists of numerous, parallel, sometimes blended 
togctlicr ridges, about twenty-three miles in width and 500 feet in 
height above the plain, and extending in a N.4V. and S.E. direction. 
Skirting round the extreme S.E. termination, I ascended only a few 
points, which were composed of a fine-grained gneiss, almost com- 
posed of feldspar with a little mica, and passing in the upper parts of 
the liills into a rather compact purplish clay-state. The cleavage was 
nearly vertical, striking in a N.W. by W. and S.E. by E. line, 
nearly, though not quite, coincident with the direction of the parallel 
ridges. 

The Sierra Ventana lies close south of that of Guitru-gueyu ; it is 
remarkable from attaining a height, very \\nusual on this side of the 
continent, of 3,340 feet. It consists, up to its summit, of quartz, 
generally pure and white, but sometimes reddish, and divided into 
thick lamince or strata : in one part there is a little glossy clay-slate 
with a tortuous cleavage. The thick layers of quartz strike in a 
W. 30° N. line, dipping southerly at an angle of 45° and upwards* 
The principal lino of mountains, with some quite subordinate parallel 
ridges, range about W. 45° N. ; but at their S.E. termination, only 
W. 25° N. This Sierra is said to extend between twenty and thirty 
leagues into the interior. 

♦ M. d’Orhigny’s Voyage, Part. G6olog. p. 46. 1 have given a short account 

of the peculiar forms of Uie quart* hills of Tapalguen, so unusual in a meta- 
morphic rormalion, in my Journal of Researches (‘2nd ediu) p. 116. 

L 2 , 
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Patagmia . — WtUi Uw exception |>orha|Mi of the )iiU of 8. Anlotiio 
(600 feel higli) in the Onlf of 8. Mai^ which ha# novet heen vhlited 
by a giK^o^t, cryalaUino rock# ait* not met willi oi#tiiooo««t of Pata- 
gonia for a apace of 380 tnlk'# south of the 8. Ventana. At tiii# 
point (lat. 43” 50'), at Point# Union and TohjJjo, plutonic rock# arc 
eaid to appear, and are found, at rather wide interval#, beneath the 
Patago umft t<^rtiiiry formation for a ^pac« of about 300 miloa aouUi- 
vraru, to near Bird in lat# ts^ 50'. from specimeiin 

kindly coUecU^ for me bv Mr, the prevailing roek at Portn 

St# Klena, Cainerone^, Miilaspina. and a** far south >lic Pap« of 
Pinedaj is a purplish-pink or brownish claysuou* |w^rphyrj% some- 
limes laininatf^, sonicitmcs slightly vesicular, with crystals of opaque 
feld»]>ar and with a few grains id qunrtat ; henuu iht*m> |>or|>hyrii*s 
resemble those tiumerliately to be dim'ribed at Port I >i •-ire, and likewim? 
a scries which I have w^en from V. Alegre on the southt^rn confiiieii of 
Brazil. This porphyritio f<»rmatifm further nv^'inhh's in a singularly 
close manner the low est stratifuMl forumtitui of the Cordillera of ( tiile. 
which, as \vc shall hcTcaftcr sei\ has a vast range, and attains a great 
thickness. At the bottom of the Gulf of St. George, only tertiary 
deposits apjH>ar to he prestuit. At C«ipe Blanco, thcr<‘ ih <piartz rock, 
very like that of the Falkland Islands, and some hard, hlii(‘, siliceous 
clay-slatc. 

At Port Desire there is an extensive formation of the clayHtono 
porphyry, stretching at least twenty-five miles into the interior : it 
has Ifcen denude<l and deiqdy worn into giillitis before l>eing covered 
up by the tertiary depfisits through which it here and there proji^cts 
in hills ; those north of the bay being tlO feet in h<‘ig]it. The strata 
have in sevcnil places bwii tilted at small angles, generally cither to 
N.N.W. or S.S.E. By gradual passages and alternations, the 
porphyries change incessantly in nature. I will deseriU? only some 
of the principal mineralogical changes, which arc highly instructive, 
and which I carefully examintHl. nic prevailing rcKrk has a compact 
purplish base, with crystals of earthy- or opaque feldspar, and often 
with grains of quartz. There are other varieties, with an almost truly 
trachytic hose, full of little angular vcsjclos and crystals of glassy 
fehlnpar ; and there arc bc<ls of block |>effect pitclistone, as well as 
of a concretionary imperfect variety. On a casual inspection, the 
whole scries would l>e tlumght to bo of the same plutonic or volcanic 
nature witli the trachytic varieties and pitchstone; but this ts far 
from being tlie case, as much of the poqniyry is certainly of meta- 
morphic origin. Besides the true porphyries, th<*re are many. beds of 
earthy, quite white or vellowish, friable, easily fusible matter^ rosem- 
bling chalk, wliich under the microscope if seen to consist of iniiiuto 
broken crystals, and whicli, as reinarkca in a fonner chapter, singularly 
re»embhis the upper tufaccous beds of the Patagonian tertkiry forma- 
tion. I’hiB earthy substance often liocomes coarser, aila contains 
mimite rounded fragments of porphyrit's and rounded grains of quartz, 
and in one ca-e so many of the latter as to resemble a common sand- 
stone. These Ixjdft are sometimes marked witli true lines of aqueous 
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deposition, separating particles of different degrees of coarseness ; in 
other cases there are parallel ferruginous lines not of true deposition, 
as shown by the| arrangement of the particles, though singularly re- 
sembling them. The more indurated varieties often include many 
small and some larger angular cavities, which appear due to the 
removal of earthy nfatter : some varieties contain mica. All these 
earthy and generally white stones insensibly pass into more indu- 
rated sonorous varieties, breaking with a conchoidal fracture, yet 
of small specific gravity ; many of these latter varieties assume a 
pale purple tint, being singularly banded and veined with different 
shades, and often become plainly porpbyritic with crystals of feldspar. 
Tlie formation of these crystals could be most clearly traced by minute 
angular and often partially hollow patches of earthy matter, first 
assuming a fibrous structure^ then passing into opaque imperfectly 
shaped crystals, and lastly, into perfect glassy crystals. When these 
crystals have appeared, and when the basis has become compact, the 
rook in many places eould not be distinguished from a true claystone 
porpliyry without a trace of mechanical structure. 

In some parts, these cartliy or tufaceous beds pass into jaspery and 
into beautifully mottled and banded porcelain rocks, which break into 
splinters, translucent at their edges, hard enough to scratch glass, and 
fusible into white transparent beads : grains of quartz included in the 
])orcelainous varieties can be seen melting into the surrounding paste. 
In other parts, the earthy or tufaceous beds either insensibly pass 
into, or alternate with, breccias composed of large and small fragments 
of various purplish porphyries, with the matrix generally porphyritic : 
these breccias, tliough tlieir subaqueous origin is in many places shown 
both by the arrangement of their smaller particles and by an oblique 
or current lamination, also pass into porphyries, in which every trace 
of mechanical origin and stratification has been obliterated. 

Some highly porphyritic though coarse-grained masses, evidently 
of sedimentary origin, and divided into thin layers, differing from 
each other chiefly in the number of embedded grains Iff quartz, inter- 
ested me much from the peculiar manner in which here and there 
some of the layers terminated in abrupt points, quite unlike those 
produced by a layer of sediment naturally thinning out, and apparently 
the result of a subsequent process of mejamorphic aggregation. In 
another common variety of a finer texture, the aggregating process 
had gone further, for the whole mass consisted of quite short, parallel, 
often slightly curved layers or patches, of whitish or reddish finely 
graiiulo-crystalline feldspathic matter, generally terminating at both 
ends in blunt points ; these layers or patches further tended to pass 
into wedge or almond shaped little masses, and these finally into 
true crystals of feldspar, with their centres often slightly drusy. 
The series was so perfect tliat I could not doubt that these large 
crystals, %hich bad their longer axes placed parallel to each oilier, had 
primarily originated in the motamorphosis and aggregation of alterna- 
ting layers of tulF; and hence tlicir parallel position must bo attri- 
buted (unexpected though the conclusion may be), not to laws of 
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eWmicAl action^ but to the original pianos of doposiUon. I am 
t^npiod biiefly to describe throe other singular allied tirieiies of 
rock ; the first wiUiout examination would Iuito pagmd for a straiifiod 
porpliyiitte breccia^ but ait the inelitdiMl angular fmgtiMnits consisted 
of a Wrder of pinkish oystalline feldspatliic matter, surrounding a 
dark translucent mliceous centre, in which gnuhs of qitaria not i|uite 
blended into the paste could be distiiiguisli^ ; ibis utiifortniiy in the 
nature of the fragments shows that they are not of mechouicah but of 
concretionary origin, having resulted perhaps from the sclf*brcaking up 
and aggregation of layers of inditmte<i luflP containing num^roun grains 
of quartz, — into which, indeed, the whulc mass in ono ]^it passed. 
The second variety la a reddish non-por|diyritic claystone, quite full 
of spherical cavities, about half an inch in diameter, each lineal with a 
collapsed crust fonnc<l of crystils of quartz. The tliird variety also 
consists of a pale purple iion-jH>q)hyritie claystone, almost wholly 
formed of concretionary balls, obscurely anrango<l in layers, of a less 
compact and paler coloured claystone ; each J>all being on ouo aide 
jMirtiy hollow and lined with crystals of quartz. 

Aywi</o-(/iAw.— Some miles up the harbour, in a line of cliffs 
forinoil of slightly rnctainoq»ho5i‘il tufaceuus and porphyritic claystono 
Ixxls, I observed thrt^ vertical dikes, so closely rmunbling in general 
appearance ordinary volcanic dikes, that I did not doubt, until closely 
examining their composition, that they had been injecteii from lK*hnv, 
The first is straight, with parallel sides, and about four feet wide; it 
consists of whitish, indurated tufaceous matter, prcciKcly like some of 
the bed.s interst^cted by it. The second dike is more remarkable ; it 
is slightly tortuous, about eighteen inches thick, and can be traced for 
a ctuisidtrrable distance along the beach ; it is of a pnrplish-rcd or 
brown colour, and is formed cliiefly of rounded grains of quartz, with 
broken crystals of earthy feldspar, scales of black mica, and minute 
fragments of claystone porphyry, all firmly united together in a hard 
sparing base. The structure of this dike shows obviously that it id 
of incchariicar* and sedimentary originj yet it thinned out upwards, 
and did not cut tlirough the uppcmiost strata in the clifis. This 
fact at first appears to indicate that the matter could not have l>ecn 
washed in from above but if wc reflect on the suction whicli 
would result from a deep-^ted fissure being formed, w<? may admit 
that if the fissure were in any part open to the surface, mud and 
water might w^ell be drawn into it along its whole course. The 
third dike consisted of a hard, rough, white rock, almost composed of 
broken crystals of glassy feldspar, with numerous scales of black 
mica, cemented in a scanty base; there wa» little in the appearance of 
this rock, to preclude the idea of its having been a true injected feld- 
spathic dike. The matter compoeing thesd three spcndcKdikes, espe- 
cially the second one, appears to have suffered, like the surrounding 
strata, a certain degree ‘of inetamorphic action; and this has mucli 

♦ uff> known to occur both in volcanic ami in ordinary 

Rfaiiiicnfury fornnitu>»>tt. At tbo (ifilapngott Arebipolugo (Volcanio Inlands, itc» 
1*. lOO;, ih«:'ic aomp atnking oiumiploaof apeudo-dikes composed of bard 
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aided the deceptive appearance. At Bahia, in Brazil, we have seen 
that a true injected bornblendic dike, not only has suffered metamor- 
phosis, but has bfen dislocated and even diffused in the surroundbg 
gneiss, tinder the nirm of separate crystals and of fragments. 

Falkland Mands.-^l have described these islands in a paper pub- 
lished in the third volume of the Geological Journal. The mountain- 
ridges consist of quartz, and the lower country of clay-slate and sand- 
stone, the latter containing palmozoic fossils. These fossils have been 
separately (^escribed by Messrs. Morris and Sharpe : some of tjiem re- 
semble Silurian, and others Devonian forms. In the eastern part of 
the group the several parallel ridges of quartz extend in a west and 
east line ; but further westward the line becomes W.N.W. and 
E.S.E., and even still more northerly. The cleavage-planes of the 
clay-slate are highly inclined, generdly at an angle of above 50®, 
and often vertical ; they strike almost invariably in the same direc- 
tioiF with the quartz rjhiges. The outline of the indented shores of 
the two main islands, and the relative positions of the smaller islets, 
accord with the strike both of the main axes of elevation and of the 
cleavage of the clay- slate. 

Tierra del Fnego ^ — My notes on the geology of this country, are 
copious, but as they are unimportant, and as fossils were found only 
in one district, a brief sketch will be here sufficient. The east coast 
from the St. of Magellan (where the boulder formation is largely 
developed) to St. Polycarp’s Bay is formed of horizontal tertiary 
strata, bounded some way towards the interior by a broad moun- 
tainous band of clay-slato. This great clay-slate formation extends 
from St. Le Maire westward for 140 miles, along- both sides of the 
Beagle channel to near its bifurcation. South of this channel, it 
forms all Navarin Island, and the eastern half of Iloste Island and of 
Hardy Peninsula ; north of the Beagle Channel it extends in a north- 
west lino on both sides of Admiralty Sound to Brunswick Peninsula 
in the St. of Magellan, and I have reason to believe, stretches far up 
the eastern side of the Cordillera. The western and broken side of 
Tierra del Fuego towards the Pacific, is formed of metamorphic 
schists, granite and various trappean rocks: the line of separation 
between the crystalline and clay-slate formations, can generally be 
distinguished, as remarked by Capt. King,*‘ by the parallelism in the 
clay-slate districts of the shores and channels, ranging in a line between 
[W. 20® to 40® N.] and [E. 20° to 40° S.]. 

The clay-slato is generally fissile, sometimes siliceous or ferruginous, 
with veins of quartz and calcareous spar; it often assumes, especially 
on the loftier mountains, an altered feldspatbic character, passing into 
fcldspathic porphyry : occasionally it is asso^ciated with breccia «md 
grauwacke. At Good Success I3ay, there is a little intercalated 
black crystalline limestone. At Port Famine much of the clay-slate 


* Ge^gTaJ>bical Journal, vol. i. p. fSS. 
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h cailoAfe<m»^ and paam either into a tnudaUme or talo gmuwacke^ 
iiicludiug odd*sliaped concroiiona of dark argUlaceoua litneiilone. 
Here aloae^ ou the aboie a few milea north of Port l^aniinev ^nd on the 
summit of M. Tam (2600 fret htghX I found organic rematok i they 
consist of, 

1. Anctl^sc^m ftimplex, d'Orbig, Pal. Franc. (PI. V. f. 2) MouttlTam. 

2. Fusut (in tmp«rf«ct atafa) <lo» 

3. Nattca do. do. 

4. Pontacrimuf do. do. 

5. Lucioa axcrntrica, (i. B. Sowofhv, (Pi. V^ fig. 21.) Port Faimma. 

\'ciiU4 ( in im(»«trf«ct ttala) do# 

7. Tu[rbifK>lia? do. do. 

B. Hamitcs «!«Utior. Ci. B. Sowerbr, do. 

5f. d'Orbigiiy BiAt4?a* that MM, llomhrtm and Orange found in 
neigiilwiurhcxKi an Ancvl*>reras^ }>crhaf>a A. tthnplrx^ an Am- 
monite, a IMicatub and .M«»diola. M* d'Orhigiiy Indievt** from the 
general character uf these fo«»iK ami from ^tlie AncylcKH^ras l^tiig 
iiientical (ix» far as iU im|>orfect coiidtiioit allows of com[>urison) with 
tlie A- simpUx of Knro|>e, that the formation belongs to an <?arly stage 
of the CVeii4c<?ous system. Prof, K. FotUn, jmlging only from my 
S|keciim‘n8, coiicar# in the probability of this c<nicliision. The 
Hnmik$ of the alwve list, of which a description is given by 

Mr. iSowerby in tlie Ap|x'ndix, and which is remarkable from its 
large size, has not Ixxru >een either by M. d’Orbigiiy or Prof. E. 
Forint, a.% since niy return to England, the specimens have been lost. 
Tiie great clay-slate formation of Tima del Fuego Ixiing cretaceous, 
is certainly a very inten^xting fact, — whotber we consider the ap- 
IH'ararfCc (d the* country, which, without tlie evidence afforded by tho 
f »--iU, would f«jnn the analogy of most known districts, probably 
have* Im cn considered as belonging U) the Palaeozoic series, — or whether 
we view it as shoa'ing that tho age of tlii.s terminal portion of the 
gn at axis of 8. Amenca, is tho same (as will hereafter be seen) wdth 
the ( ’ordillera of Chile and Peru. 

riic clay-slate in many parts of T. del Fuego, is broken by dikes t 
and by great masses of ^eenstone, ofUm highly hombicndic : almost 
all the small islets within tho clay-slate districts are thus composed. 
The slato near the dikes generally becomes paler* coloured, harder, less 
fH.nilo, of a feldspathic nature, and passes into a porjdiyry or green- 
stone : in one case, howcwr, it became more fissile, of a re<l colour, and 
rontained minute scales of mica, which were absent in tho unaltered 
r«)ck. On tho east side of Ponsonby Sound, some dikes com{) 08 ed of 
a pale sonorous f(?lds)>atliic rock, porphyritio with a little feldspar, 
M < rf? remarkable, from their numW, — there being within tho space of 
a mile at least one hundred, — from their nq^rly equalling in bulk tho 
itit^ Tinediatc slate, — and more especially from tho excossivo fineness 
(like Um; fint'st inlaid q^rpontry) and |>«^cci jiaraUclism of their junc- 
* VoyaK«N P*ot. (Unjlcg. p. 242. 

a tn Ibn Magdalfin (Jliatin«l, tb# feldspar cleaved ivilh 

i)j»- of iiihite. 'I'hi* dike was croiised, as well as the surrounding slSte, by 
a largf' v<*in of quartz, a ctrcuinsunce of unusual occurtoricc. 
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tioiis with tho almost vertical laminae of clay-slate. I was unable to 
persuade myself that these ^eat parallel masses had been injected, 
until 1 found one jike which abruptly thinned out to half its thick- 
ness, and had one of its walls jagged, with fragments of tho slate em- 
bedded in it. 

In southern T. del Fuego, the clay-slate towards its S.W, bound- 
ary, becomes much altered and feldspatliic. Thus on Wollaston 
Island slate and grauwacko can be distinctly traced passing into 
feldspathic rocks and greenstones, including iron pyrites and epidote, 
but still retaining traces of cleavage with the usual strike and dip. 
One such fhetamorpbosed mass was traversed by large tein-like 
masses of a beautiful mixture (as ascertained by Professor Miller) of 
green epidote, garnets, and \\ bite calcareous spar. On the northern 
point of tins same island, there were various ancient submarine vol- 
canic rocks, consisting of ainygdaloids with dark bole and agate, — of 
basalt with decomposed olivine, — of compact lava with glassy feld- 
spar, — and of a coarse ijonglomerate of red scoriae, parts being amyg- 
daloidal with carbonate of lime. Tlie southern part of Wollaston 
Island and the whole of Hcrmite and Horn Islands, seem formed of 
cones of greenstone : the outlying islets of II Defense and D. Ramizez 
are said * to consist of porphyritic lava. In crossing Hardy Penin- 
sula, the slate, still retaining traces of its usual cleavage, passes into 
columnar feldspathic rocks, which are succeeded by an irregular tract 
of trappean and basaltic rocks, containing glassy feldspar and much 
iron pyrites : there is, also, some harsh red claystone porphyry, and an 
almost true trachyte with needles of hornblende, and in one spot a 
curious slaty rock, divided into quadrangular columns, having a base 
almost like trachyte, with drusy cavities lined by crystals, too imperfect, 
according to Professor Miller, to be measured, but resembling Zeago- 
nite.f In the midst of these singular rocks, no doubt of ancient sub- 
marine volcanic origin, a high biu of feldspathic clay-slate projected, 
retaining its usual cleavage. Near this point, there was a small hillock, 
having tho aspect of granite^ but formed of white albite, brilliant 
crystals of hornblende (both ascertained by the reflecting goniometer) 
and mica; but with no quartz. No recent volcanic district has been 
observed in any part of Tierra del Fuego, 

Five miles west of the bifurcation of the Beagle Channel, the slate- 
formation, instead of becoming, as in the nSorc southern parts of Tierra 
del Fuego, feldspathic, au3 associated witR trappean or old volcanic 
rocks, passes by alternations into a great underlying mass of fine gneiss 
and glossy clay-sluto, which at no great distance is succeeded by a 
grand formation of mica-slate containing garnets. The folia of these 
metamorphic schists strike parallel to the cleavage-planes of the clay- 
slate, which have a veryniniform direction over the whole of this part 
of the country: the folia, however, are undulatory and tortuous, 
whilst tho cleavago-laminiB of the slate are«straight. Those schists 

* Dctorniitiod by I’lofessor .Taineson. Woddell’s Voyage, p. 169. 

t Seo Mr. Brooke’s Paper in the Loudon Phil. Mag. vol. x. TbU mineral 
occurs in an ancient volcanic rock near Home, 
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compoac the thief t)nouiit4iin*ehaiii ef iioiiibem T. del Fuego^ 
along the north idde of tlie northern arm of the Deagle Cbanoehm a 
»hort W.N.W, and E.d*E. line, with two point| (MoutiU &mnU 
onto and Darwin) ritting to heights of t?^800 and 8^000 feei* On the 
south- weatem side of this uortheni ami of the Dengto Channel^ the elay* 
slate is seen with its strain dipping frotti the gteat chain, so that the 
meUinomhic schista here forui a ruige bontert^ on eacli side by day- 
slate. Further nortli, how’over, to the w'est of this great range there 
is no clav-slau% but only gnetss, mica, and homblcnatc slates, resting 
on great bam u IuIIh of true granite, and funning a tract atiout sixty 
miles in width. Again, wcstwaixi of them? rocks, thd ontsnnosi 
islands are of trapjKaii fonnatum, which, from informatton obtaimai 
during the voyagi*s of the vVd venture and Iteagle,* seem, together with 
granite, chiefly to prevail along tlw* western coast as far north as the 
entrance of the St. of Magellan : a little more inland, on the eastern 
side of Clarence L^land and S. Desolation, granite, grt?Ciiston©, mica- 
slate, and gnei>i^ appears to pnHiominate. I am tempted to liclievc, that 
where the clay-slate lia^i been metamoqihosed at great depths l>eneath 
the surface, gnei-s, luica-s^latc, and othi^ aliic^l rocks have bcft-n furtiuHl, 
but >Yhere the action has taken place nearer the surface*, fcldhpathic 
p>r|‘hyrie», greenstones, Acc. have resulted, often accompanied by 
submarine volcanic cru{>iions. * 

Only one other r^x'k, met with in both arms of the Deagle Channel, 
dc?»ervvs any notie4\ namely, a graniilo-crystallino mixture of white 
albito. black hornblende (ascertained by iiu*a8ureniciit of the cryatals, 
and coufirm^^ti by Professor Miller), and more or le«s of brown mica, 
but vviih./\it any quarta. Thb rock occurs in large inasiK'fl, closely 
n 5cni hi i/jg in external ftxmi granite or syenite : in the southern arm 
of the ( 'iiauiiel, one such moss underlies the mica-slate, on which 
( Iriy-^late wa.s sujx‘riiii|>ost?d : this peculiar plutouic rt)ck which, as 
We ha\«* occurs also in Hardy Feninsula, is interesting, from its 
p< rh'ct simlbnty with that (hereafter often to bo referred to under 
th*‘ name of andesite) forming the great injected axes of iho Cordillera 
of ('bile. 

The stratification of tho clay-slate is generally very obscure, 
wljoreas the cleavage is remarkably well defined : to begin with the 
extreme ca.sWrn parts of T. del Fuego; the dcavage-plam^s near the 
of Lc Mairc, strike eiibbr W. and E. or W.fcJ.W. and E.N.E,, 
and are highly mclined : * the form of the land, including Stateu 
Inland, indicates that the axes of elevation have run in this same line, 
though i was unable to disiin^tsh the plaucs of stratificatioti. Pro- 
ceeding westward, I accurately examined the cleavage of the clay- 
slate on the northern, eastern, and western sides (thirty-five miles 
apart) of Navarin Island, and everywhere fiund the lamince ranging 
with exirenic regularity, W.N.W, and E.S.E., seldom varying more 

♦ tlin Pap«T hy Capt. King, in thn Oeogrsph, Jonmul j also a Letter to 
Ur, i-itu.n in Ofiolog. Pror., vol. i. p. ‘29; aUo «0«rjo obaorvationi by C^pt. 

I zroy , voysi^irsi, vol. i. p, 375. I am indvbtod aUo to Mr Lyol), for s sene* 
of apecuiK^nji colloctod by Liout. Graroa. 
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than one point of the compass from this direction.* Both on the 
east and west coasts, I cros^ at right angles the cleavage- planes for 
a space of about eight miles, and found them dipping at an angle of be- 
tween 45® and 90®, generally to S.S.W., sometimes to N.N.E., and 
often quite vertically. The S.S.W. dip was occasionally succeeded 
abruptly by a N.N.E.adip, and this by a vertical cleavage, or again 
by the S.S.W. dip ; as in a lofty cliff on the eastern end of the 
island, the laminee of slate were seen to be folded into very large 
steep curves, ranging in the usual W.N.W. line, I suspect that the 
varying and opposite dips may possibly be accounted for by the 
cleavage-lanUnse, though to the eye appearing straight, being parts of 
large abrupt curves, with their summits cut off and worn down. 

In several places I was particularly struck with the fact, that the 
fine laminee of the clay-slate, where cutting straight through the 
bands of stratification, and therefore indisputably true cleavage-planes, 
differed slightly in their greyish and greenish tints of colour, in com- 
pactiiess, and in some qjf the lamina? having a rather moi# jaspery 
appearance than others. I have not seen this fact recorded, and it 
appears to me important, for it shows that the same cause which 
has produced the highly fissile structure, has altered in a slight degree 
the mineralogical charact^ of the rock iu the same planes. The 
bands of stratification, just alluded to, can be distinguished in many 
places, especially in Navarin Island, but only on the weathered sur- 
faces of the slate ; they consist of slightly undulatory zones of dif- 
ftTont shades of colour and of thicknesses, and resemble the marks 
(more closely than anything else to which I can compare them) left 
on the inside of a vessel by the draining away of some dirty slightly 
agitated liquid : no difference in composition, corresponding with 
these zones, could be seen in freshly fractured surfaces. In tlie more 
level parts of Navarin Island, these bands of stratification were nearly 
horizontal ; but on the flanks of the mountains they were inclined 
from them, but in no instance that I saw at a very high angle. 
There can, I think, be no doubt that these zones, which appear only 
on the weathered surfaces, are the last vestiges of the original planes 
of stratification, now almost obliterated by the highly fissile and 
altered structure which the mats has assumed. 

The clay-slate cleaves in the same W.N.W. and £.S.£. direction, 
as on Navarin Island, on both sides of the Beaglo Channel, on the 
eastern side of Hoste Island, on the N.E.*side of Hardy Peninsula, 
and on the northern point of Wollaston Island; although in these two 
latter localities the cleavage has been much obscured by the meta- 
moq^hosed and feldspathic condition of the slate. Within the area 
of thek) several islands, including Navarin Island, the direction of the 
stratification and of the mountain-chains is very obscure ; thou^ the 
mountains in several places appeared to range in the same W.N.W. 

♦ The clay-alato in this island was in many |)laces crossed by parallel smooth 
joints. Out of five cjises, tho angle of intersection between the strike of these 
joints and that of tho clcavage-laminai, was in two cases 46® and in two 
others 79'^. 
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lino with the cleavage : tint (uitliite irf the howum, not 

correspond with thi3» line. Near the bifan^atiiHi of Ibe Bc«igto Chan^ 
nel, whore the underlying inetatnoqdiic aeliiiiiii yu fif»t they 

arc fotiftUxl (with s^»mo irregulantti*?^) in thif llmo W,N,W* Htie, 
and (>aralieh as l>cft»re siatt^l, to the main inonnUin^Mii of this part 
of the couiUr)*. Westward of this main rango^ tlio motafnorphic 
schists are hdiatt^l, thou;;h It^ plainly^ in the same dirscthm, which 
is Hkewrist' common to llic *one of oli emiptiMi tnip|>«ati rocks, form* 
ing the outermost Honri* the area, over which Utc eJoavago of 

the slate and the foliation the mctaniorphic schists exietida with an 
average W,N,W. and IvS.M strike, h about forty tnilm in a north 
and line, and ninety mihw itt an east and west line- 

Further m^rthwaiJ, near IN>rt Fainim!>, the stratiliaitton of the 
clay. slate and of the as«vH'tatot{ rock^, is well defuRfd, and there 
aliMie the cleavage and straU-planes are |kars!Ud. ^ little north of 
th;^ port there in an anticlinal axis ranging N.W, (or a litUo more 
wv tcflv^and S.K : south of the port, as as Adiiiiraity Syttnd 
and ( labriel ( homiel, the <»uiUne of tlic land clearly indicates the 
e\l-t< nee of wevcr.il linen elevation in this same !S\W. direction, 
wluch, 1 may add, i.« unifonn in the western half of the St. of 
Mag«llan, that, ti* Captain King* has ^narked, “a )aarallcl ruler 
placed on the map upon the projt‘cting points of the south short?, and 
« \t» udisl acro*.H the wit! aliR» i<iuch tb« headlands on the op|K)- 

siti roast.” It Would ap|H*ar, from Captain King's oWrvations, that 
over all this area tho cleavagf t^xtends in the same line. Dwp-water 
chanmls however, in all pans of Tienra del Fuego, have burst 
through the tranouels boili of stratification and cleavage; most of 
tin lu may Ijav e been formal during l\w elevation of the land by 
Ioiig.o,iitinuv I hut others, for instanco tho Beagle Cltanuel, 

wliicli -trctclirv, like a narrow* caaa) for 120 miles obliquely through 
thi niniintain^i, can hardly have thus origtnaicd. 

I itially, We have seen that in tho exiremo eastern point of Tierra 
dyl I iiego, the cleavage and coasClitio^ extend W. and E, and oven 
.S.W , and F.N.E. : over a largo ar^ west waul, the cleavage, the 
main range id luounUins, and some suWdinate ranges, but not tho 
outlines of the coast, strike W.N.WS and E*8«E. ; in tl*e central 
.ind vve^tetn parts of the .St. of Magellan, the sttatification, the 
momitain-ra!igcs, the outlitK^s of the coast, and the cleavage all strike 
marly N.\\ . and S.E. North of the strait^ the outline of the cimi 
and the mountains on the mainland, run nearly north and south. 

I Icnte wo SCO, at this southern |K>tnt of the continent, how gradually 
the ( ordillera l)ond,froin thoir north and srnith course of soiliany thou- 
Haiid miles in longtli, into an east and even E.N.E, directiou. 


Jroui the ^onUurn Cfn^mn htamli to Northern Chile* 
- Wui first place at which we bnded north of the St. of Magellan 
vva>< tu:,ii ( ape Iie» in lat 8. Between this point and 

»c norlJutrii ('hnm>s Islands, a distance of 200 miles, the Beagle 
* (i^ ogrfipb. Journal, vol, i. p. HO. 
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visited several points, and spei^imens wore collected for mo from 
the intermediate spaces by Lieut. Stokes. The predominant rock is 
mica-slate, with tlyck folia of quartz, very frequently alternating with 
and passing into a chloritic, or into a black, glossy, often striated, 
slightly anthracitic schist, which soils paper, and becomes white under 
a great heat, and the& fuses. Thin layers of feldspar, swelling at 
intervals into well crystallized kernels, are sometimes included in 
these black schists ; and I observed one mass of the ordinary black 
variety insensibly lose its fissile structure, and pass into a singular mix- 
ture of cbloyte, epidote, feldspar, and mica. Great veins of quartz arc 
numerous in the mica -schist; wherever these occur the folia are much 
convoluted. In tlie southern part of the Peninsula of Tres Montes, a 
compact altered feldspathic rock with crystals of feldspar and grains 
of quartz is the commonest variety ; this rock* exhibits occasionally 
traces of an original brecciated structure, and often presents (like the 
altered state of Tierra del Fuego) traces of cleavage-planes, which 
strike in tlic same diredion with the folia of mica-schist furtlicr north- 
ward. At Inchemo Island, a similar rock gradually becomes granulo- 
crystallinc and acquires scales of mica ; and this variety at S. Estevan 
becomes highly laminated, and though still exhibiting some rounded 
grains of quartz, passes into the black glossy slightly anthracitic 
schist, which, a'j we have seen, repeatedly alternates with and passes 
into the micaceous and cliloritic schists. Hence all the rocks on this 
line of coast belong to one series, and insensibly vary from an altered 
feldspathic clay-slaU^ into largely foliated, true mica-schist. 

The cleavage of the homogeneous schists, the foliation of those 
composed of more or less distinct minerals in layers, and the planes of 
alternation of the dilferent varieties or so-called stratification, are all 
parallel and preserve over this 200 miles of coast a remarkable degree 
of uniformity in direction. At the northern end of the group, at 
Low’s Harbour, the well-defined folia of mica-schist everywhere 
ranged within eight degrees (or less than one point of the compass) 
of N. 19° W. and S. 19° E. ; ^nd even the point of dip varied very 
little, being always directed to the west and generally at an angle of 
forty degrees : I should ment^n that I had here good opportunities 
of observation, for I followed the naked rock on the beach, trans- 
versely to the strike, for a distance of foqr miles and a half, and all 
the way attended to the dip. Along the opter islands, for 100 miles 
south of Low’s Harbour, Lieut. Stokes, during his boat-survey, kindly 
observed for mo the strike of the foliation, and he assures me that it 
was invariably northerly, and the dip with one single exception to the 
west. Further south at Vallenar Bay, the strike was almost univer- 
sally N. 25° W. and the dip, generally at an angle of about 40° to 
W. 25° S., but ill some |)laccs almost vertical. Still further south, 
{n the neighbourhood of the harbours of Anna Pink, S. Estevan, and 
S* Andres, and (judging from a distance) aloflg the southern part of 

* The peculiar, abruptly conical form of the hills in this neighbourhood, would 
have led any one at brat to have supphsed that they had been formed of injected 
or intrusive rocks. 
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Tred ibe foliation and dcavajji? oxtendcd in a line bt^tween 

[y. n® to 22"^^ W,3 and IT' to 22® E.]; and the planch dipped 
generally westerly, but often easterly, at aciglae varying from a 
gentle incliiiation to vertical. At, A. Harbour, wiiere Uie 

schists generally dipped easterly, wherever the angle lH?ea»ne high, 
the strike chanj^ from N. 1 1® W* to even as buich as N. 45*" \V, : in 
an analogims manner at Vallenar Bay, where the dip w’a^s westerly 
(vix. on an average directed to \V. 25® 8.), as soon as the angle 
became very high, the planes struck in a line more than 25® \vo>t of 
north. The average result from all the ohst^rv^ltiolH on this 200 
miles of coa^ti, is a strike of N. 10^ W. and S. 10'’ K. f considering 
that in eacli s}>eciried place my examination exteiulwl over an area of 
several miles, and that Lieut. Stokers observations apply to a length 
of 100 miles, I tlnnk this remarkable uniforTuity is prttty vvtdl 
establidied. The prevalence, throughout the uorthoni half of this 
lino of coast, of a dip in one direction, that is to the instead of 

being sometimes west and sometimes east, iss judging from wkat I 
have ehewhero st*en, an unusual circumstance. In Brazil, La Plata, 
the F.alkland Islands, and Tierm del Fuogo, there is go iu rally an 
obvious ixdation lu'twecn the axes of elevation, the outline of the 
coast, and the strike of the cleavage or f(»liation : in the C'honos 
Archipelago, however, neither the minor details of the coa^tdine, nor 
the chain of tlie Cordillera, nor the suhordinaUj transverse mountain- 
axe's, accord with the strike of the h)liation and clcavagt^ : the 
seaward face of the numerous islands composing this archij>elago, and 
apparently the line of the Cordillera, range N. IT' K., whereas 
as wc have just seen, the average strike of the foliation is N. BV W, 

There is one interesting exception to the uniformity in the strike of 
tin* foliation. At the northern point of Tres Montes (lat. 45^ 52') 
a bold chain of granite, 2,000 and o,000 in height, runs 

from the coast far into the anterior,® in a K.S.R. line, or more strictly 
E. 28^ S. and W. 28'^ X. In a bay, at the northern foot of this 
range, there are a few^ islets of mica-»l^tc, with the folia in some parts 
horizontal, but mostly inclined at an avorago angle of 2(P to the north. 
On the northern steep flank of the range, there are a few patches 
(some f|uite isolated, and not largfrr than half a crown !) of the mica- 
schist, foliated with the sapic northerly dip. On the broad etimmit, 
as far as tlie sou them cn^st, there is much mica- elate, in some placoa 
even 400 fee‘t in thickness, with the folia all dipping north, at angtea 
varying from 5° to 20"^, hut aomotiincii mounting up to 3(P. ilie 
southern Hank coosista of bare granite. The mica^elate in {Penetrated 
by small veinaf of granite, branching from the main IxKly, Ijcaving 
out of view the prevalent strike of the folia in other parte of thi» 

• In the <li«tanc4», other mountsiris could h« seen «np«rentty ranging X.N.E. 
and S.S.W. at right engloft fo ihU one. I may edd, tbm ttot (»t froio V#U«nwr 
th» ro 14 ft hne mnjfe •iipwareotly of gmnits, which hM bnnrt through ih« 
mica-siat#. m n N .K. by K. mnd 8. W. by 8. line. 

t lh« prranuf wiihtn these veins, ee welt »* geoerftUy ei th* Inocllofi with 
the rnirn »Ufi>, m more f|(inrtxove than elsewhere* The ormiiite* I »»y add, « 
travers^Mi by flikea ruoDin^ for % tery great length in the fine of the mOiiAleio* } 
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archipelago, it might have been expected that here they would have 
dipp^ N. 28° E., that is directly from the ridge, and, considering its 
abruptness, at a high inclination; but the real dip, as we have just 
seen, both at the foot and on the^orthem flank, and over the entire 
sumnut, is at a small angle, and directed nearly due north. From 
these considerations it bccurred to me, that perhaps wo hero had the 
novel and curious case of already inclined laminee obliquely tilted at 
a subsequent period by tlie granitic axis. Mr. Hopkins, so well 
known from his mathematical investigations, has most kindly calcu- 
lated the problem : the proposition sent was, — take a district com- 
posed of laiftinm, dipping at an angle of 40° to W. 19° S., and let an 
axis of elevation traverse it in an E. 28° S. line, what will the position 
of tlie Jarninee be on the northern flank after a tilt, we will first sup- 
pose, of 4.5° ? Mr. Hopkins informs me, that the angle of the dip 
will be 28° 81', and its direction to north 30° 33' west.* By varying 
the supposed angle of the tilt, our previously inclined folia can bo 
thrfpwn into any angle between 20®, which is the least possible angle, 
and .00°; but if a small inclination be thus given to them, their point 
of dip will depart far from the north, and therefore not accord with 
the actual position of the folia of mica-schist on our granitic range. 
Hence it appears very difficult, without varying considerably the de- 
ments of the problem, thus to explain the anomalous strike and dip of 
the foliated mica-scliist, especially in those parts, namely, at the base 
of the range, where the folia are almost horizontal. Mr. Hopkins, 
how’ever, adds, that great irregularities and lateral thrusts might be 
expected in every great line of elevation, and that these w ould account 
for considerable deviations from the calculated results : considering 
that the granitic axis, as shown by the veins, has indisputably been 
injected after the perfect formation of the mica-slate, and considering 
the uniformity of the strike of the folia throughout the rest of the 
archipelago, I cannot but still think that their anomalous position at 
this one point is somewny directly and mechanically related to the 
intrusion of this W.N.W. and E.g.E. mountain-chain of granite. 

Dikes arc frequent in the metamorphic schists of the Chonos Islands, 
and seem feebly to represent that great band of trappean and ancient 
volcanic rocks on the south-w’estern fcoast of T. del Fuego. At S. 
Andres I observed in the space of half a mile, seven broad, parallel 
dikes, composed of three varieties of trap^ running in a N.W. and 
S.E. line, parallel to the neighbouring mountain-ranges of altered clay- 
slate; but they must be of long subsequent origin to these mountains ; 
for they intersected the volcanic formation described in the last 
chapter. North of Tres Montes, I noticed three dikes ^flering from 
each other in composition, one of them having an euritic base includ- 
ing inrgo octagons of quartz ; these dikes, as well as several of por- 
they aro composed of a somewhat laminated eurite, containing crystals of 

feldaimr. hornblende, and octagons of quart*. • . , v 

♦ On the south side of the axis (where, however, I did not see any mica-slate) 
the dtp of the folia would be at an angle of 77° 66', directed to west 35° 33' 
amith Hence the two points of dip on the opposite sides of the range, instead 
^being as in ordinary cases directly opposed to each other at an angle of 180°, 
w'ould bore be only 86° 60 apart. 
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phynik gmn^tonc %% Valletmr Bav, txUnitlixl N.K. md aW,, iiiwlv 
at fight angk# to tlw» folialkn of the iiclii^t**^ but in tlio Hoe of Ibeir 
jointa. At Low’# IlarWur^ howevor^ a m% of grtmt |Kunilkl dik^a, 
ooo ninety yards and another sixty^^ards in widths have been guided 
by the foliation of the inica-schW^’'aiid hence arc incline*! westward 
at an angle of 45^': thesse dikeii arcfonnwl of vdHf>ut* jKirphyritic trap, 
some of which are remark aide from containing nnmcmiia roufiai;*<l 
grains of quartx. A p*>rphyntic trap of this latter kind, |NiSi«cd in 
one of Uio dikes into a ino4*t curious horn-'tonc, |M?rfcctly whiU^ with 
a waxy fracture and pt'lUicid edges, funible, and coiitatnlng many 
grains of quarU and of irtm pyrites. In the iiinAy yanl dike 

several large, apparently now* quite is4>lated, ffagnient** of mica«h)ate 
were enibcflded ; hut as their fuliaiion was exactly parallel to that of 
the surrounding swdid rock, no doubt these now* h {larate fnigmcnU 
originally formed wc*lge~!ihaj»cd de|H‘nding |M>rtion» of a e^ntinwoiis 
vault or crust, once extending over the dike, but since worn down and 
denuded. ^ • • 

Chihj^y — In f'hih^c, a great formation of 

iuvca>schbt strikingly resenihle*i that of the Chonos [•♦land.’*. For a 
space of eleven miles on the S.E. coast, the folia were very distinct, 
though slightly convolute<h smd ranged within a point <jf N.N.W. 
and 8.8. E., dipping cither E.N.E. or more commonly \V.8.W., at an 
average angle of 22® (in one spot, however, at *<’0 ), and ther<‘furo 
decidedly at a lesser iiiclliKitum than amongst the <’h«»nos Islands. 
On the west and north -wt'stcni short's, the foliation was t»ftt*ii 
obscure, tlnuigh, where best defined, it ranged within a p<«irit of N, 
by W. and 8. by E., dij>ping either easterly or wenu rly, at varying 
and generally very small angles. IIene<% from the southern part of 
Tres Montes to the nortiicrn end of f’hiloc, a distance f>f miles, 
we have clostdy allied rocks with their folia striking on an average 
in the same direction, namely between N. 11® and 22 VV. Again, at 
>^Jivia, we meet with the same mica'Sehmt, exhihiting nearly the 
sarne rnineraiogical passage* as in tlie Ch4Uios Archipelago, often, 
liow'evcr, becoming more fcrri^inous, and containing so much fehU 
spar as to pass into gneiss. llie folia were generally well dofinetl ; 
but nowhere else in S. Amcnfea did I lice them varying *o much in 
direction : this seemed chiefly caiiacd by tlicnr forming pari*, tm I 
could sometimes distinctly’ trace, of large flat curves : ocverlhole«s, 
both near the setileuicnt ^nd to%vard« the interior, a N.W. and 8.E, 
strike seemed more frequent than any other direction ; the angle of 
the dip was generally small. At Concepcion, a highly glosay clay- 
slate had itsxleavage often slightly curvilinear, and inclined, Oiddoin 
at a high an^e, Uiwards vari*nta points of the coinpasa ; ♦ but here, a* 

♦ 1 observed in jM>me parU, that the topa of * «« 

tbf^ lamirjiv of tho r]«y-^l>Ue {^b of tb« dtagrtim) * * ' 

under t)»e niiporficiHl detri^is and soil (a) wore n 
b«ni, «omoiiniOM witbunt Ixung broken. »a ropro- * 

Sfiiiod in ib<* nccortinanyinii; dingram. whicli in 
copied Irom one gi»tn by Sir 11. l)e U Heclie(p. 42, ^ 

Gf»ological Manual) of an exactly similar phono- 
inenon in Devonshire. Mr. K. A. C. Austen, also, 
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at \ aldiviR) a N.W, and S.E* strike seemed to be the most frequent 
one. In certain spots largo quartz veins were numerous^ and near 
them, the cleavage^ as was the case with the foliation of the schists in 
the Chonos urclnpehigo, became Extremely tortuous. 

At tlio northern ei^ of Quinquina Island, in the of Con* 
Cepcion, at least eiglit rudely parallel dikes, which have been guided 
to a certain extent by the cleavage of the slate, occur within the 
space of a quarter of a mile. They vary much in composition, 
resembling in many respects the dikes at Low's Harbour : tlie 
greater nuniber consist of feldspathic porphyries, sometimes con* 
taining grains of quartz ; one, however, was black and brilliant, like 
an augitic rock, but really formed of feldspar ; others of a feldspathic 
nature were perfectly white, with cither an earthy or crystalline 
fracture, and including grains and regular octagons of quartz ; these 
white varieties passed into ordinary greenstones. Although, both 
here^ and at Low’s Harbour, the nature of the rock varied con- 
sideral'ly in the same cfike, yet I cannot but think that at these tw'o 
places and in other parts of the Chonos group, where the dikes, 
though clo.se to each other and running parallel, are of different 
composition, that they must have been formed at different periods. 
In the case of Qulriqnina this is a rather interesting conclusion, for 
these eight parallel dikes cut through the metainorphic schists in a 
N.W. and S.E. line, and since their injection the overlying cretaceous 
or tertiary strata have been tilted (whilst still under the sea) from a 
N.W. by N. and S.E. by S. line; and again, during the great earth- 
quake of Fob. 1835, the ground in this neighbourhood was fissured in 
N.W, and S.E. lines ; and from the manner in which buildings were 
tlirown down, it was evident that the surface undulated in this same 


din'ctioii.* 

Central and Northern Chile . — Northward of Concepcion, as far as 
Copiapo, the shores of the Pacific consist, with the exception of some 
sn»all tertiary basins, of gneiss, mica-scinst, altered clay-slate, granite, 
groenstoiio and syenite : henee the coast from Tres Montes to 
Copiapo, a distance of 1200 miles, and I bave reason to believe for 
a nuicii greater space, is alnu)st similarly constituted. 

Near Valparaiso the prevailing rock is gneiss, generally including 


in his excellent psper on S.E. Devon (Geolog, Twnsact. vol. vi. p. 437), has 
descriM this phenomenon j he attributes it to the action of frosts, hut at the same 
time doubts whether the frosts of the present day penetrate to a sufficient depth. 
As it is known that eartliquakes particularly aflect the surface of the ground, 
occurrpd to me that this appearance might perhaps be due, at least at ConcepcioDj 
W their frequent occurrence ; the superficial layers of detritus being either jerked 
in one direction, or, where the surface was inclined, pushed a little downwards 
during Lh strong vibration, tn North Wales I have seen a somewhat analogous 
but less regular appearance, though on a greawr scale (London Phil. Mag. 

Mi n 18«. and produced by a quite different cauao, namely, by the 
Itrending of great icebergs; this latter appearance has also been observed m 

^ e^Oiwl^’. Trtns. vol. vi. p. 602 and 617. Journal of Researches (2nd edit.) 


p. 307. 
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mtieli botnbtetul^^ t comtetioiiaTy bcill^ f^midi of fioldvpurt hoitibloikdo 
mka^ from two lo three fret in tltiinelef, m in rmrj mmy 
placet confonnatily enfolded by the Minted IpHi^ t toIihi of qnaitK 
and Mdipar, including black eehotl and welbetya^M epidolni ate 
nnmeroiie. Epidoie likewise ocenra in ihetgiHM Ui thin biyera, 
parallel to the foliation of the mam. One large vein of a eoam 
granitic character, wae remarkable from in one pc^ r{iiile ebanging 
tie character, and ttiM^^ibly pamtng into a blackbdi jpmphjrrr^ in* 
eluding acictilar cryi$tab of glaMy feldapar and of hnmbiWiw : t have 
new iwpen any other imeh cam.* # 

I shall in the few f/llowiitg remark* m the rocks of Chile, allude 
eveUisively to their foliation and cleavage. In the fpeiss rotind 
V'alparaiso the strike of the fotialioo is very variable, oitl 1 think 
alwut N. by W. and S, by K. is the commoner directtmi : ibis 
likewise holds goixl with the cleavai^^ of ilwe atiered feldfpathic clay* 
»laic5», occasionally met with on the msaX fy ninety mites no^h of 
ValjKiratso. iSome feldspaihtc slate, altertiaiiiig with strata of clay- 
«t4>ne |>or]»hyry in the Ilell of Quillota and at Jajuel, and therefore, 
j>erhaps, Wonging to a later periml than the metaiiiorphic schists on 
tlic coast, cleaviwl in this same direction. In the Eastern GirdilWra, 
in the Portillo Pass, there is a grand mass of fittea«slaie, foliated in a 
north and south line., and with a higli westerly dip: in the VsiMillata 
range, clay-slate and grauwacke have a highly inelincd, nearly north 
and south cleavage, iliough in some parts the strike is irrti?gwlar : in 
the main or Cumbre raiip», the direction of the cleavage in the feld- 
spathic clay-slate is N.W. and S.E, 

Iktwoen Cuquinibo and Cliiaeco them aro two eonsiderahle for- 
mations of mica-slate, in one of winch the rock passed somidimes into 
common clay-slate, and sometimes into a glossy black variety, very 
like that in the Chonos archipelago. The folia and cleavage of these 
rocks ranged between [N. and N.W. by N.] and [^8. and 8.W, by 8.] 
Near the Port of Guasco several varieties of alp$red day^slale have a 
quite irregular cleavage. Between Guasco and Copiapo, there are 
some siliceous and talcaceotis slates cleaving in a north and sooth 
line, with an easterly dip of between CO® and 70® : high up, also, the 
main valley of Copiapo, there is mica-slate with a high easterly dip. 
In the whole space betwl^n Valparaiso and Copiapo an easterly dip 
is much more common than an opposite or westerly one. 

Concluding r&marki on Cleavage and Filiation. 

In ilfts southern fmrt Of the sonthem iiemtsidiere, we have seen 
that the cleavage«laminm range over wide areas with remarkable 
uniformity, cutting straight through the planes of stratification, t but 

* Humboldt (P»rtontik vol. iv. p. 60) has dsseribod with much 

«urpri«e, concrationary balla, with conesatrio diriaioiit, oompoaad of parlially 
vitreous feUispsr, hornblende, and garneta, iocludsd wtihio grsat vsiiii of ffnaias, 
which cut acroea the miea>ala(a siaar Vatiaimala. 

t In my ptper on th. Filliltiid Iduid., (voJ. Hi. p. WJ 0*otogt«id JourMl.) 
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y being parallel ia strike to the main axes of elevation, and ^ 
gonerolly to the outlines of the coast. The dip, however, is as 
yamole, hotli m Aide and in direction (that is, sometimes being 
inclined to the one side and sometimes to the directly opposite side), 
as the strike is uniform^ In all these respects there is a clo^ agree- 
ment with the facts given by Professor Sedgwick in his celebrated 
memoir in the Geological Transactions, and by Sir R. I. Murchison 
in bis various excellent discussions on this subject. The Falkland 
islands, and more especially Tierra del Fuego, offer striking instances 
of the lines of cleavage, the principal axes of elevation, and the out- 
lines of tho coast, gradually changing together their courses. The 
direction wliich prevails throughout Tierra del Fuego and the Falk- 
land Islands, namely, from west with some northing to east with 
some southing, is^also common to the several ridges in northern Pata- 
gonia and in the western parts of Banda Oriental : in this latter pro- 
vinces in the Sierra Tapalguen, and in the western Falkland Island, 
tho W. l)y N., or W.N.W. and E.S.E., ridges, are crossed at right 
angles by others ranging N.N.E. and S.S.W. 

Tho fact of the cleavage- laminae in the clay-slate of Tierra del 
Fuego, where seen cutting straight through the planes of stratifica- 
tion, and where consequently there could be no doubt about tlieir 
nature, differing slightly in colour, texture, and hardness, appears to 
me very interesting. In a thick mass of laminated, fcldspathio and 
altered clay-slaK, interposed between two great strata of porphyritic 
conglomerate in central Cliile, and where there could be but little 
doubt about tho bedding, I observed similar slight differences in com- 
position, and likewise some distinct thin layers of epidote, parallel to 
tho highly inclined cleavage of the mass. Again, I incidentally no- 
ticed in North Wales,* where glaciers had passed over the truncated 
edges of the higlily inclined laminm of clay-slate, that the surface, 
though smooth, was worn into small parallel undulations, caused by 
the component laminse being of slightly different degrees of hardness. 
With reference to the slates if North Wales, Professor Sedgwick 
describes the planes of cleavage, as “coated over with chlorite and 
semi-crystalline matter, which not only merely define the planes in 
question, but strike in parallel flakes through the whole mass of the 
rock/'t In some of tlio^e glossy and hard varieties of clay-slate, 
which may often be seen passing into mica-schist, it has appeared to 
me that tlie cleavage-planes were formed of excessively thin, gene- 
rally slightly conv<3uted, folia, composed of microscopically minute 
scales of mica. From these several facts, -and more especially from 
the case of tho clay-slate in Tierra del Fuego, it must, I think, be 
concluded, that the same power which has impressed on the slate its 


I have ffiveu a curious cate on tho authority of Caft. SuHvan, R.N,, of much 
foldod beds of clay-slate, in some of which the cleavage is perpendicular to the 
horiton, and in others it Is perpendicular to each curvature dt fold of tho bed : 


this appears a new case. 

* Undon Phil. Mag. vol. x«, p. 182. 
t Geological Trans, vol. in. p. 471. 

m2 
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finite structure or cleavage, ha» ictulcd to mcwiify iti nunernlogicyal 
character in |>ar<ille! pknce. 

Lei u» now turn to the Foliation of the motannfrphic «chtst«» a atib- 
ject w'hich has btxtn nmch Ii*sm att4’^iwle<l to. Aa in the caao of 
cleavage-huniine, the folia preserve over vcrji large areaa a nntforin 
strike: thiH Hunil>oIdt* fourul for a distance of UOO fuilea lit Vene- 
zuela, and indiH'^l over a inmh huger s|>ace, gneissi, granite^ mica and 
clay-slate, striking very uniformly N.F. and IS.W., ami dipping at an 
angle of hetwen n ami 70"" to N.W. : it would even appar from 
the facts given in this chapter, that the metamorphio tmk$ through- 
out the north-eastern part of S. America are ginierally foliated within 
two jM>ints of N.K. and 8.W, Over the eastern parta (d Banda 
Oriental, the foliation strike's, with a high inclination, very uniformly 
N.N.F. to S,J; i.w., and over the vvt^iern parta, in a W. hy N\ and 
K. hy S. line. For a spaet* f>f 3n0 miles on the shorc^n of tins Chonos 
and (Vhiloe islands, wc have st'cn that the follution j»chlofu deviaU^a .in<^re 
than a |Kunt of the compass from a N, U>" VV. and 8. K. strike. 
As in tiie case c»f cleavage, the angle of the dip in foliattsl rmk» is 
generally high, but vanahh‘, and alternates from one side of tiic line 
of strike to the other side, sometimes Wing vertical : in the norlheni 
Chonos islands, however, the folia are inclined alrm^at always to the 
west ; in nearly the same maimer, the cleavage-lamime in southern 
Tierra del Fuego ci rtainly dip much more frtHpicntly to 8,8. VV. than tti 
the opposite point. In ejisleni Banda Oriental, in parts of Brazil and in 
some other districts, the foliation runs in the same direction with the 
mountain-rangisj and adjoining coastdiius4 : amongst tise Clmnos 
islands, In^wevcr, this coincidence fails, and I have given my na-oin 
for »us|^cling th.at ono granitic axis has burst through and lilted the 
already inclined folia of mica-schist: in the case of cleavage,! the 
ciuncideiice Iw-tween iU strike and that of tlw main stratificatton 
soinctiincft to fail. Foliation and cleavage resemble each otlier in the 
planes winding round conemtions, and in fiecoming tortuous where 
v» in'* t)f ipmrt/. abound 4 fhc dank% of the rnoniitains Ijoth in Tierra 

del Fuego and in other cminlnes, 1 have observed that the cleavage- 
plain’s frequently dip at a high angle iinvards ; and this waj» long agd 
obHcrvcd l»y Von Biich to Iw the ease in Norway : fact i» {>er- 

haps analogous to the folded, fandike or radiating idriicture in tho 
inetamorphic schists of the Alpjj,§ in which the mlm in the cefitral 
crests are vertical, ami on tho two flanks inclined inivardfk Where 
inasses of fissile and foliated rocks alternate together, the clcaviige 


♦ r^irsonal Narriuife, ?ol. ri. p. 591 . wo. 

t are given hy Mr, Jukw, in bta Oemo^y of XowfouAiHaad, p. 1 ^ 0 . 

: I havt* 9f^vn in Braail ami Chtio concretions tfloa enfolded hv feUaied goeiMi 
HTui MaccuU«K:h (lljyhlands, roL i. p. (>4) lia» df^*crib«d i ddmilar case. For 
anaU^ou^ »r» cUy-aint<i», tc« Prof. Ilenalow » Memoir in Cambridi^ Phih 
lnin». vu\. i. p. 3*<i, and Ma€culh>cb*« Ctaiui, of IWIs. p* 051. WUb mpuvt 10 
iKith fohHnot* Aui\ oU avape iHfcominji; loriaous wh«^re qnartx^veiitt ahimml. I hero 

^uTrT »iid in ib« Omhm. UtMulfc 8 .. 

alM Mr (jr.,,nm,gh» p, 78 . 

Siud.r III Uin. New pi„|. Joiini.t, rol. xiiii. p, 144. 
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o f ,[i’ f^en, ate parallel. Where in 

T adjoining district 

LreiiLanv ^ cleavage and foliation are likewiso 

dVfl • ' '"V- ^ feldspathic homogeneous 

film *i group, compared with the 

hue folmk'd mica-bchists of the northern part ; so again the clay- 
^lute of the whole eastern side of Tierra del Fuego cleaves in exactly 
the same hue with the foliated gneiss and mica-slate of the western 
coast; other analogous instances might have been adduced.* 

itli res|i^'ct to the origin of the folia of quartz, mica, feldspar, and 
other mmerals comj^osing the metainorphic schists, Professor Sedgr 
vvick, Mr, Lyell and most authors believe, that the constituent parts 
of each laycr^ were separately deposited as sediment, and then meta- 
morphosed, Ibis view, in the majority of cases, I believe to be quite 
untenable. In trtose not uncominon instances, where a mass of clay- 
*''PP]'^‘'^ching granite, gradually jiasses into gneiss, t we clearly 
iM.'o fliat^ folia ot distint;t minerals can originate through the ineta- 
uiorpiiosis of a homogeneous fissile rock. The deposition, it may be 
remarked, of iiuniberless alternations of pure quartz, and of the 
elements of mica or feldspar, does not appear a probable event,]; 
In those districts in whicli the mctamorphic schists are foliated in 
planes, parallel to tlie cleavage of the rocks in an adjoining district, 
are wo to believe that the folia are due to sedimentary layers, whilst 
the cleavagc-laminai, though parallel, have no relation whatever to 
such planes of deposition ? On this view, how can we reconcile the 
vastness of the areas oyer >vhich the strike of the foliation is uniform, 
with wliat we see in disturbed districts composed of true strata ; and 
esjiecially, how can we understand the high and even vertical dip 
throughout many wide districts, which are not mountainous, and 
throughout some, as in western Banda Oriental, which are not even hilly? 
Are w'c to admit that in the northern part of the Chonos archipelago, 
niica-slate was first accumulated in parallel horizontal folia to a thick- 
ness of about four geographical miles, and then upturned at an angle 
of forty degret^s ; whilst, in the southern part of this same archipelago, 
the cleavage-lamina} of closely allied rocks, wliich none would imagino 
had ever been horizontal, dip at nearly the same angle, to nearly the 
same point ? • 

J^ccing, then, that foliated schists indisputably are sometimes pro- 
duced by the metamorphosis of liomogcneous fissile rocks ; seeing that 
foliation and cleavage arc so closely analogous in the several above 
enumerated respects; seeing that some fissile and almost homogeneous 
rocks show incipient miiieralogical changes along the planes of their 
cleavage, and that other rqpks with a fissile structure alternate with, 


* 1 have given a case in Australia. See my volume *11 Volcanic Islands, p. 131. 
t I have tleacribed (Volcanic Islands, p. 149) a good instance of such a passage 
at the Cape of (lood Hope, 

j See some excdlent remarks on this subject, in D’Aubuisson’s Traits de 
torn. i. p. 397- Also, some remarks by Mr, Dana in Silliman’s American 
Jouru. vol. xlv. p. lOB. 
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and past bib varieties with a foliated stnietnrei { eannoi donbi tl«at 
m meat cases foliation and cleavafi^ are parts of the samo process : in 
cleava|» there being only an bcipieni aeparatioig of ilia constiiuent 
mtiieiw ; in foliation a much more ooniplefe aeparatWn and crystal* 
liaation. 

The fact often referred to in this cha|>tery bf the foliation and the 
so-called strata in tho metamorphic sericts— -that is, the alternaiing 
masses of difTerent varieties of gneiss, mica-schist, and hornblende- 
slate, See . — being parallel to each other, at first appears quite opposed to 
the view, that the fulia have no relation to the pianos of original de- 
position. Where the so-called benis are not very thick and of widely 
difterent mtneralogical composition from each other, I do not think iliat 
there is any diflficuTty in supposing that they have orij^inated in an analo- 
gous manner with tho separate folia : we should bear in mind what thick 
strata, in ordinary sedimentary masses, have obvitaisly been formed 
by a concretionary process. In a pile of volcanic rocks on the island 
of Ascension, there are strata, differing quite«as much in appcatanco 
as tlie ordinary varieties of the metamorphic schists, which un- 
doubtedly have been produced, not by successive flowings of lava, but 
by internal molecular changes. Near Monte Video, where the strati- 
fication, as it would be calletl, of the luetaniorphic 8 eric*s is, in most 
parts, t>articularly well developed, being, as usual, parallel to the 
mliation, we Itavc seen that a mass of chloritic schist, netted with 
quartz-veins, is entangled in gneiss, in such a manner as to show that 
it had certainly originated in some process of segregation ; again, in 
another spot, the gneiss tended to pass into hornblendic schist by 
alternating with layers of quartz ; but these layers of quartz almost 
certainly had never l>cen separately de|>06ited, for they were abso- 
lutely continuous with the numerous intersecting veins of quartz. I 
have never had an opportunity of tracing for any distauce, along the 
line l>oth of strike and of dip, the so-called beds in the meiamorphtc 
echista, but I strongly suspect that they would not be found to extend 
with the same character, very far in the line either of their dip or 
strike. Ilcnce I am led to Wlieve, that moat of the iKM^alled beds 
are of tho nature of complex folia, and have not been aeparately de« 
posited. Of course, this view cannot be extended to tAkl maaaea 
inc!u<led in the mctAmor]>bic aeries, which are of totally dififtNent com* 
position from the adjoining schists, and which are far*exl^ded, ae is 
sometimes tho case with quartz and marble ; these mutt generally be 
of the nature of true strata.* Such ttrata, however, will almost 
always strike in tho same direciion with the folia, owing tO the axm 
of elevation being in most countries parallel to the strike of the felia- 
lion ; but they will generally dip at a diflemtit angle firom that of the 
foliation ; and tlic angle of the foliation in Iteelf tlmostalwaye varies 
much : hence, in crotsipg a metamo^boted schistose diatf^ 4 ^ would 
require especial attention to ditcriminaki between true atiSbi of de{> 0 « 

• MaccuUoch state* (CUsAificttioii of Hocks, p. 364) Hsafiteess 

*r« often founj m lrr«g«l«r m«Mf« or grtst notloiss, wltwil «i» sesscsly ^ 
said to possess a Strattfte4 •h»»po!" 
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foliation U nfljr^* mctatnorphic sclusts, is no argument that the 
Sai Tat origin, without it be further shown in each 

XI- wli It ““‘y **"•'** throughout in paraUel 

planes with those of the true stratification. 

^Pf"® that where a fissile rock has been ex- 
to partial metamorphic action, for instance from the irruption of 
granite, tlie foliation has supervened on the already existing cleavage- 
plaues ; so, perhaps in some instances, the foliation of a rock may have 
been determined by the original planes of deposition or of oblique 
curreiit-IamiiTffi : I have, however, myself, never seen such a case, and 
1 must inamtain that in most extensive metamorphic areas, the folia- 
tion 18 the extreme result of tliat process, of which cleavage is the 
first ettect. That foliation may arise without any previous structural 
arrangement in tlie mass, wo may infer from injected, and therefore 
once liquefied, mcks, both of volcanic and platonic origin, sometimes 
havitig a “ grain (as expressed by Professor Sedgwick), and some- 
times being composed of distinct folia or laminm of diflferent composi- 
tions. In my volume on Volcanic Islands, I have given several in- 
stances of this structure in volcanic rocks, and it is not uncommonly 
seen in plutonio masses,— thus, in the Cordillera of Chile, there are 
gigantic mountain-like masses of red granite, which have been injected 
whilst liquefied, and which, nevertheless, display in parts a decidedly 
laminar structure.* 


Finally, wc have seen that the planes of cleavage and of foliation, 
that is, of the incipient process and of the final result, generally strike 
parallel to the principal axes of elevation, and to the outline of the 
land : the strike of the axas of elevation (that is, of the lines of 
fissures with the strata on their edges upturned), according to the 
reasoning of Mr. Hopkins, is determined by the form of tho area 
undeigoing changes of level, and the consequent direction of tho lines of 
tension and fissure. Now, in that remarkable pile of volcanic rocks at 
Ascension, which has several tjpies been alluded to (and in some other 
cases), I have endeavoured to show,* that the lamination of the 
several varieties, and their alternations, have been^aused by the mov- 
ing mass, just before its final consolidation, having been subjected (as 
in a glacier) to planes of different tensipn; this diflference in the 
tension affecting the crystalline and concretionary processes* One of 
the varieties of rock thus produced at Ascension, at first sight, singu- 
larly resembles a fine-grained gneiss ; it consists of quite straight and 
parallel zones, of excessive tenuity, of more and less coloured crystal- 
lized feldspar, of distinct crystals of quartz, diopside, and oxide of iron* 


* An remarked in a former part of this chapter, 1 suspect that the boldly 
conical mounlaint, of gneiss-granite, near Rio de Janeiro, in which the con- 
stituent ininerals are arranged in parallel planes, are of intrusive origin. We 
must not, however, forget the lesson of caution taught by the curious clay^stone 
porphyries of Port Desire, in which we have seen that the breaking up and aggjre- 
ntton of a thinly stratified tufaceous mass, has yielded a rock semi-porphyritie 
with crystals of feldspar, arranged in the pianos of original depositioa. 
f Volcanic Islands, p. 65. 
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Tliese con^ideraiioiia^ noiwitliAtaniling tlio experiment* made by Mr* 
Fox, allowing tlie infliiciico of electrical curreiita in proditeing a atntc* 
lure like that of cleavage, and notwithstanding tl|p appanriitly inex* 
pltcablc variation, both in the incUnation of the cleavage -iamiiiie and in 
their dipping first to one side and then to the other aide of the line of 
strike, lead me to suspect that the planes of cl^vago and foliation are 
intimately coniiecie<l with Uie planes of different tension, to which the 
area was long subjected, ti/iijr the main fissures or axes of upheavement 
bad U'on foriutHl, but Ijejhre the final consolidation of tlie mass and 
the total cessation of all molecular moveineut. 



CHAPTER VII. 

CENTRAL CHILE; STRUCTURE OF THE CORDILLERA. 


CiJtifol Chilt RmcI J’oTnuQtionn of the Cofdillera — Origin of the porphyvitic 
rtay.itone congamerate— Andesite— Volcanic rocks— Section of the Cordillera 
by the Pmquenes or Portillo Pass — Great gypseous formation — Peuquenes 
Ike; Ihiekfess qf strata, fossils of —Portillo line,' conglomerate, orthitic 
granite, mica-schist, and volcanic rocks of —Concluding remarks on the denu- 
dation and deration of the Portillo line— Section by the Cumbre or Uspaltata 
Pass— Porphyries— Gypseous strata— Section near Puente del Inca ; fossils of— 
Great subsidence— Intrusice porphyries— Plain of Uspallata— Section of the 
Vspallata chain— Structure and nature of the strata— Silicified vertical trees 
— Great subsidence — Granitic rocks of axis — Concluding remarks on the 
Uspallata range origin subsequent to that of the main Cordillera ; two 
periods of subsidence ; comparison with the Portillo chain. 

Thk district between tlic Cordillera and the Pacific, on a rude average, 
is from about eighty to one hundred miles in width. It is crossed by 
many chains of mountains, of which the principal ones, in the latitude 
of Valparaiso and southward of it, range nearly north and south; 
but in the more northern parts of the province, they run in almost 
every possible direction. Near the Pacific, the mountain-ranges are 
gener.ally formed of syenite or granite, or of an allied euritjc por- 
phyry ; in the low country, besides tliese granitic rocks and green- 
stone, and much gneiss, tlicro'are, especially northward of Valparaiso, 
some considerable districts of true clay-slate with quartz veins, passing 
into a feldspathic and porphyritic slate ; there is also some grau- 
wacko and quartzosc and ja.spery rocks, tlie latter occasionally as- 
suming the character of the basis of clay^stone porphyry: trap -dikes 
are numerous. Nearer the Cordillera, the 'ranges (such as those of S. 
Fernando, the Prado,* and Aconcagua) arc formed partly of granitic 
rocks, and jMirtly of purple porpliyritic conglomerates, clay-stone 
porphyry, greenstone porphyry, and other rocks, sucli as, wo shall 
immediately see, form the has.il strata of the main Cordillera. In the 
more northern parts of«Cliilc, this porjdiyritic scries extends over 
large tracts of country far from the Cordillera ; and even in central 
Clnle such occasionally occur in outlying positions. 

I will describe the Campana of Quiliota, which stands only fifteen 
miles from tlio Pacific, as an instance of one of these outlying masses. 

* .Mrypn, Reise um Krdc, Th. 1. s. 235. 
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Tliis lull is conspicuous from risitig to the bctghi of OiOO fact : Its 
summit ‘shows a nucleus^ uiwoveretl for a lieiglti of 800 fret» of fins 

g reenstime, inclmling epidoto and ocialiedrsl insg>|;^^Uo iron ore; its 
anks are formed of great strata of porphyritic clay*stone con|g;lo- 
inerate, ass^K'mtcd with various true porphyries and aiwygdaloidSi 
altomating with thick masses of a highly flldspathici sometimes 
porphyritic, juile-coloured slaty rock, with its cleavage-laminae 
dipping- inwards at a high angle. At the base of the hill there are 
syenites, a granular mixture of quarts and feldspar, and harsh 
quartzose nxks, all beh»iiging to the basal inetamorphic series. I 
may observe that at the foot of several hills of this cla»#lj whore the 
p<.>r|diyrics arc first seen (as near S, Fernando, the Prado, liOS Vacas, 
siunlar harsh qnartzosc rocks and granular mixtures of quartz 
and ft'lds|^ar occur, as if the more fusible constituent parts of the 
granitic s^tics had been drawn off to fonii tl»e overlying porphyries. 

Ill central Cldle, the flanks of the main ('ordillcra, into which I 
pciM^trnted by four different valleys, generally consist of distin^ly 
strntititHi rwks. Tlie strata arc inchniKl at angles varying from 
sornetimc*s even under ten, to twenty degree#, very rartdy exceeding 
forty degrci^s : in some, however, of the <ptito small, exterior, spur- 
like ridgi's, the inclination was not unfrequently greater. The dip of 
the strata in the main outer lines was usually outwards or from the 
Cordillera, hut in northern Chile frequently inwards,— -that is, their 
bas^ct-edges fronted tlie Pacific. Dikes occur in extraordinary nmii- 
bers. In tlic great, central, loftiest ritlges, the strata, as we shall 
prejwmtly see, are almost always highly inclined and often vertical* 
Jiefore giving a detailed account of my two sections across the Cor- 
dillera, it will, I think, bo convenient to descrilxf the basal strata as 
seen, often to a tliickucss of 4000 or 5000 feet, on the flanks of the 
outer lines. 

lidml itmta of the CortlUlera , — The prevailing rock b a purfdish 
or greenish, porpliyritic claysione conglmuorate. The ctubedflcd frag- 
ments vary in size from mere jrarticTes to blocks as much as six or 
eight inches ( rarely Inore) in diameter; in many places, where the 
fraginenU were minute, the signs of aqueous defM>$ttion were unequi- 
vocally distinct; where they were large*, such evidence could rarely be 
detected. The ba-^is is generally porphyritic with perfeet cryatala of 
fcld-spar, and resembles that of a true injcx;tcd clay-st4[ine porphyry : 
ofu n, however, it has a meclianical or sedinmrtary aspect^ and tome- 
tifiKM (as at Jnjtiel) is jasiKry. The included fragmonta am aithaf 
angular, or partially or quite rounded ;• in some |)art# the roundcdi 
Ml others, the angular fragments prevail, aad usually bulb kindi ue 

* Sf.mo of the rounded fragnienfs in the porphyritic COfi|loiamta Uitr ilia 
of ( ruir^urmt*, wero i«frk«d with mdii ind co»e«ntric soacsof 
of colour : uuy on« who did not know that fichblai, for instaaca lliit jpabWaa frcai 
tho chalk, aro aomeiim**# :eonad ooncentricaBy adth thcif WOfU and fCatrtlcd W- 
faces, might have Wu led to iaftr, that (hcia Mia of oorphtiy wafo not traa 

pebble*, bui bad oiiginated in coocrationary aclion. 
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mixed together : hence the word breccia ought strictly to be appended 
to the Utm porpkf/nttc conglomerate. The fragments consist of 
many varieties of clay -stone porphyry, usually of nearly the same 

namely, purplish-reddisli, brownish, 
uiottlea or bright green ; occasionally fragments of a laminated, pale- 
coloured, feldspathic Ack, like altered clay-slate, are included ; as are 
^iraetimes grains of quartz, but only in one instance in central Chile, 
(namely, at the mines of Jajuel) a few pebbles of quartz. I no- 
whero observed mica in this formation, and rarely hornblende; where 
the latter mineral did occur, I was generally in doubt whether the 
mass rcallj^ belonged to this formation, or was of intrusive ori- 
gin. Calcareous spar occasionally occurs in small cavities; and 
nests and layers of epidoto arc common. In some few places in the 
liner-grained varieties (for instance at Quillota), there were short, 
iiiterruj>ted layers of earthy feldspar, which could be traced, exactly 
as at Port Desire, passing into large crystals of feldspar : I doubt, 
however, whether in lliis instance, the layers had ever been separately 
deposiU^d as tufaceoiis sediment. 

All the varieties of porphyritic conglomerates and breccias pass into 
each other, and by innumerable gradations into porphyries no longer 
retaining the least trace of mechanical origin : the transition appears 
to have been effected much more easily in the finer-grained, than in 
tho coarser-grained varieties. In one instance, near Cauquenes, I no- 
ticed that a porphyritic couglonierate assumed a spheroidal structure, 
and tended to become columnar. Besides the porphyritic conglo- 
merates and the perfectly characterized porphyries of metamorphic 
origin, there arc other porphyries, which, though differing not at all or 
only slightly in composition, certainly have liad a different origin : 
these consist of pink or purple claystone porphyries, sometimes includ- 
ing grains of quartz,— of greenstone-porphyry, and of other dusky rocks, 
all generally porphyritic with fine, large, tabular, opaque crystals, 
often placed crosswise, of feldspar cleaving like albite, (judging from 
several measurement^), and often amygdaloidal with silex, agate, 
carbonate of lime, green and brown bole.* These several porphyritic 


* This bole is a 


rail 


very common mineral in the amygdaloidal rocks ; it is gene- 
llv of a greenish-brown colour, with a radiating structure; externally it is black 
.. itli an almost metallic lustre, but often coated by a bright green film. It is soft 
and can be scratched hy a quill ; under the blowpipe, swells greatly and becomes 
scaly, then fuses easily into a black magnetic bead. This substance is evidently 
simiUr to that which often occurs in submarine volcanic rocks. An examination 
of some very curious specimens of a fine porphyry (from Jajuel), leads me to sus- 
pect that some of these amygdaloidal balls, instead of having been deposited iu 
^-existing air-vesicles, are of concretionary origin ; for in these specimens, some 
Tf the uea-shaped Utile masses (often externally marked with minute piu) are formed 
of a mixture of green earth ivith stony matter, like the basis of the prophyry, in- 
cludintf minute, imperfect crystals of feldspar ; and these jiea.shaped little masses 
M themselves amygdaloidal with minute spheres of the green earth, each eii- 
by « film o7 whit., app«reDlly feld.pathi?, ewtby matter : bo that the 
la doubly amygdaloidal. It ahould not, however, be overlooked, that all the 
have undergone metamorphic action, which may have caused crystals of 
fowinar W appear, and oiher changes to he effected, in tho ongrnally simple amyr 
diloWsl balls Mr. .1. D. <«» »“ excellent paper on Irap rocks (Edm. N« 
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aiul auiygilaloiilal varieties never sl»ovv any signs uf pai^ng intn 
mosses of scHruneotary origin : they iiccur both in great aiul samU 
intnisive masses^ and likewise in strata alternaiing^wuh those of the 
porpbyriiic conglutneraie^ and with the planes of junction often 
fpjite distinct, yet not seldom blended together. In some of theue 
intrusive masses, the porpliyries exhibit, more Sr less plainly, a brec* 
dated structure, like that often seen in volcanic masses. These brcfc- 
elated j>or)>hyrics could generally be diHiinguislttvl at once from the 
metaiaorpliosed, porphyritic brcccia-congloinerates, hy all the frag- 
ments being angular and being fornn^tl of the same variety^and by the 
absence of every trace of a<jiU‘ous deposition. One of the porphyries 
above sjK'cihed, namely, the gremstonc-purpbyry w itii largtMahular 
ery-tals of albite, particularly ahumlant, and in some |)arls of the 
t’orlillera tns near St. Jago) seemed mure cummuu even than tlm 
j>urplirh porphyritic conglom»/rale. Numerous tl ikes like w w* consLst 
of tliis greenstone pv^rpiivry ; «»thers are fominl 4;r various bne- 
grained trappean rocks; l»ut very fevv «»f ehfV -stone porphyry? I 
loj true hasaUlc dikiH. 

In >e\eral places in the lower part '»f tin* wries, but iU)t everywhere, 
tiiick in;us>.-»es oI a highly febhpathic, often porpii vritle, slaty r#K:k 
occur inter-tratified witii liu' porphyritic ctiuglumerale : I Udieve in 
<»ne or two caniss hh\cki?h limcstom* has been found in a similar jvom- 
tion. 1 he feldspathfc rock is of a pale grey or gKxnish colour; it U 
easily fusible; where por]>hyntic, the crystals of feldspar are generally 
small and vitreous ; it is distinctly laminated, and sotneiimes itiehidcjt 
parallel layers of cpid<»tc ;• the lamination apjK ar>^ to be distinct from 
s**tratihcati<ui. Oecaijionally this ri>ck is boinewhat <‘ariou« ; nrtd at 
<*ne namely, at tl»e (•. of ijuillota, it had a brcciiatcd structurt;. 
Near the mines of Jajui*I, in a thick stratum of this feldsj^thic, por- 
phyritir slate, there was a layer of hard, blackish, siliceous, infusibh* 
ctanjact clav-slnte, such as I saw iu»where els<<» : at the n^une placf> I 
wa-' able t*j follvivv for a Considerable distance the junction IkIwci*!! 
thf* slate and the conformably underlying porphyritic cong|omerak», 
and tlo^y certainly possK’d gra<lually into t'ach other. WhcruVfT thcSNl 
>l;uy f> hbpathic r<K:k« abound, greenstone siKins common ; at the C. 
of (^uiilota a bed of well cry stall izi^d greeni^toim lay oemfonnabty in 
the fiiidst fif the feldspathic slate, with the upper and lo%vcr jiinC'* 
li passing inscnd!)iy intu it. From this fact, and from tlio 
♦J'l ntiy p«)rphyritic c</nditi<rn of the slate, I should {xrrliaKm Imv« 

ri, I. J :;rf5. rol. th- p. ^rgiitni. witli gw'iii that mil amygdaloliilal 

by A<|tiei#ift Uftihratiof)* ] cutty Iftktt (kii 

' r ,i!J to a (MtiOM* 4ie#>cfihw(f itk my vutumtr Ott tttlttiifhlfp, SfOk 

■iti V4i(h manv oi ti.* rf»lU only bttJf t*p wrltb tt 

NJ. hove lu«i (lo^rnbed an amyjjfklr.ub brought by Dr, Mftytta (ftttitttt WSk ItKla. 
j i. «. oioj tfom ( tooM»uiig of cry^ndltxttd nutrtfp with trjritttttt of 

4ixUo»mlly by fjfwft earth, 
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Mrne f n v t .r ‘ V!^>»U»UC «MIWl if, to llm 
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^,.1 in itPUj.vuhn cUy aUtsa. ^ e/ r r/ 
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considered tlu8 rock as an erupted one (like certftin laminated fold- 
spathic lavas ui the trachytic scries), had I not seen in T. del Fucffo 
low readily true ejuy- slate becomes feldspathic and porphyritic, and 
had I not ^en at Jajuol tlio included layer of black, siliceous clay- 
Slate, ^ Inch no one could have thought of igneous origin. The gentle 
passage of tlie feldspaflnc slate, at Jajuel, into the porphyritic conglo- 
merate, wliich is certainly of aqueous origin, should also be taken into 
account. 

The alternating strata of porphyries and porphyritic conglomerate, 
and with occasionally iiiclu<k‘d beds of feldspatbic slate, together 
make a grand formation ; in several places within the Cordillera, I esti- 
mated its thick ness at from TiOOO to 7000 feet. It extends for many 
hundred miles, forming tlie western flank oftlie Chilian Cordillera; and 
even at Iquicpie in IVni, 8.50 miles north of the southernmost point 
examined by nuf in Chile, the coast-cscarpment, which rises to a height 
of between 2000 and 3000 feet, is thus composed. In several parts 
of northern Chile this^formatiori extends mucli further towards the 
Pacific, over the granitic and inetamorphic lower rocks, than it does 
in central ('bile ; but the main Cordillera may be considered as its 
central line, and its breadth in an east and west direction is never 
groat. At fir'it the origin of tliis thick, massive, long but narrow 
formation, appeared to mo very anomalous : whence were derived, and 
how were di.sporsed the innumerable fragments, often of largo size, 
sometimes angular and sometimes rounded, and almost invariably 
ct)niposed of porphyritic rocks ? Seeing that the interstratified por- 
ph yries are never vesicular and often not even amygdaloidal, we must 
conclude that the pile was formed in deep water ; how then came so 
many fragments to be well rounded and so many to remain angular, 
somotimes the two kinds being equally mingled, sometimes one and 
sometimes the other preponderating? That the clay-stone, green- 
stone, and other porphyries and amygdaloids, which lie con/onnahhf 
between tlie btnls of conglomerate, are ancient submarine lavas, I 
tliink tlioro can be no doubti and 1 believe we must look to tlie 


craters whence these streams were erupted, as the source of the 
br<?ccia-congloinciate : after a great explosion, v?e may fairly imagine 
that the water in the heated and scarcely quiescent crater would 
remain for a considerable time* sullicientW agitated to triturate and 
round the loose fragments lying witliin it :• these rounded fragments, 
few or many in number, would be shot forth at the next eruption, 
associated with few or many angular fragments, according to the 
strength of the explosion. The porphyritic conglomerate being 
purple or reddish, even when alternating with dusky-coloured or 
briglit green porphyries ^nd amygdaloids, is probably an analogous 
circumstance to the sconce of the blackish basiilts being often bright 
redi The ancient submarine orifices wbence#thc porphyries and their 
fragments were ejected, having lieeii arranged in a band, like most 

* ThitcerUiinW seems to have taken place in some recent volcanic archipelagoes, 
as at live Galapagos, where numerous craters are exclusively foimed of tuff and 
rragmenls of luvu. 
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PttTONlC ROCKS or TOR COHOtM^lRA. [cOA^t Til. 

Still adivo Tolcatios^ ficeounts for the IhtekoeAii the »linrowiic«R^ and 
Itoear eiteosion of this fomation. 

This whole great pile of rock has differed iMeli tneiamoirphie 
aeiioB, as is very obvious in the gradual formation and ajipoaranee 
of the crystals of albiiie feldspar and of ephh^,~iii Iho blending 
together of the frazmeute,*-^iQ the apf)earanoo of a laminated atruiH 
ture in the feldspatiuc skte^ — and, lastly, in the disappearance of the 
planes of stratiBcation, which could sometimes Ijc seen on the same 
mountain quite distinct in the upper part, loss and less plain on the 
flanks, and quite obliterated at the base. Partly owing this meta* 
morphic action, and partly to the close relationship in origin, I have 
seen fragments of porphyriea, — taken from a metamorpho«e<l conglo- 
merate, — from a neighbouring stream of lava, — from the nucleus or 
centre (as it appeared to me) of the old suhmarine volcano, — and 
lastly from an intnisive mass of quite subseniient orijjtn, all of which 
were absolutely undistingnishable in extcnial characters, ^ 

One other n>ck, of plutonic origin, and hi]^hly important in tho 
history pf the Cordillera, from having been injt'cted in most of the 
great ajccs of elevation and from having apparently heen instnimental 
ill metamorphosing ilie superinciimlieni strata, may be conveniently 
describt'd in this preliminary’ discussion. It has l>een called by aoinc 
authors v4 ; it mainly consists of well-cry'stalliscd white albite/ 

(as determintMl wnth the goniometer in nuinerrms «|>ccimcna both by 
Professor Miller and myself), of less jierfcctly crystallised green horn- 
blende, often associatetl wdth much mica, with chlorite and epidoto, 
and occasionally with a few grains of quarts.: in ono instance in 
northern Chile, I found crystals of ortliitic or potash feldspar, 
mingled with tiiose of albite. Where tho mica and quarts are 
abundant, the rock cannot bo distinguished from granite: and it may 
be ralM andesitic gramte. Where tl»est! two mtnerahl are quite 
absent, and when, as often then happerii, the erysiak of albiio am 
imperfect and blend together, the rock may bo called andeailio por^ 
phyrv, which bears nearly the same rektion to andoaitic granite that 
curitic porphyry docs to common granite. Thoee andaiitic rocks 
f*)nn mountain -inassfte of a white colour, which, in their genmd ont- 
liue and appearance, — in their joints, — in Uieir ocourionatly inclitdhlg 
dark-colouitKl, angular fragments, apparently of tome prtMiKiiling 
r^>ck, — and in the great dikes branching from tliem into tlm iitpetv 
iiicnmlH'Tit strata, manifest a close and atrikmg rminbknco to miiieii 
of conmum granite and ayenite; I never, however, aaw iR time 
andesitic rocks, those granitic vein* of segregation which AfOiO eom- 

• I fuid cai) hy this aata#, those (Mttmihk iniiiandi wWcli 

u%t* : hut U now (E4k. New Phil. 4«>iini. v«l. aalv^* Wl) 

tbnj Vhirh hm tnsirssd s miMtii ffooi the CoidtUen, t*«ookt«d with iMWWihieiid* 
ar*(l (prot^My the istiie rock with that her* ttoikr diataidka), iriWt 

albite, but which in a mw and dUtinot kind, oaUtd hy hfrft 
1 1 in tp wiih tbo^«atar proporttow of its poiaiih i%pl|Ci4 by Ihe# 

snaly ^ icarcaly diaiiu|<iiahahk from allato, dlwS^ hy 
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won in true granites. We have seen that andesite occurs in three 
places in Tierra del Fuego; in Chile, from S, Fernando to Copiapo, 
a distance of 450 jpiles, I found it under roost of the axes of elevation; 
in a collection of spcciraens from the Cordillera of Lima in Peru, I 
immediately recoguia^ it ; and Erman * states that it occurs in 
lilasiern KamtschatkaT From its wide range, and from the important 
part it has played in the history of the Cordillera, I think this rock 
has well doserv^ its distinct name of Andesite. 

The few still active volcanos in Chile are confined to the central 
and loftiest ranges of the Cordillera ; and volcanic matter, such as 
ap|>ear8 to have bt'cn of subaerial eruption, is everywhere rare. Ac- 
cording to Meyen,t there is a hill of pumice high up the valley of 
the Maypu, and fikewise a trachytic formation at Colina, a village 
situated north of St, Jago. Close to this latter city, there are two 
hills formed of \ pale fcldspathic porphyry, renriarkable from being 
doubly columnar, great cylindrical columns being subdivided into 
smaller four or five jfided ones; and a third hillock (Cerro Blanco) 
is fonnetl of a fragmentary mass of rock, which I believe \o be of 
volcanic origin, intermediate in character between the above fclds- 
patliic porphyry and common trachyte, and containing needles of 
liornblcndc and granular oxide of iron. Near the Baths of Cauquenes, 
between two short parallel lines of elevation, where they are inter- 
8CcU‘d by the valley, there is a small, though distinct volcanic district; 
the rock is a dark grey (andesitic) trachyte, which fuses into a 
greenish-gray bead, and is formed of long crystals of fractured glassy 
albile (judging from one measurement) mingled with well-formed 
CTYstals, often twin, of augite. The whole mass is vesicular, but the 
surface is darker coloured and much more vesicular than any other 
Lrt This trachyte forms a cliff-bounded, horizontal, narrow strip 
rto IZ\L sido of the valley, at the height of 400 or 500 
f^t aI>ove the river-l>ed ; judging from an apparently 
line of cliff on the northern side, the valley must once li^ave been hlled 
i n to this heicht by a fiold oHava, On the summit of a lofty motin- 
Jin some leagues' higher up this ^me valley of the Cachapual, I 
found columnar pitchstono porphyritic with feldspar ; 1 do not sup- 
nose this rock to ho of volcanic origin, and only mention it here, 
(hmi its being intersected by masses and dikes of “ 

a in rharacter to trachyte ; m no other part of Chile did 1 
vesicular or amygdaloidal dikes, though these are so common 
in ordinary volcanic districts. 

PatfOffS of the AnJee hy the Portillo or Peuqumee Pose. 

AUi.n«<Th I crossed the Cordillera only once this pass, only 
^ Kv that orthc Cumbto or Uspallato (presenUy to be de- 
rL Ilftwlv and baiting occasionSly to ascend the moun- 
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K6 8Kltti>N WY tllR ItUlTlttO 

fiuthW <tketcb of ihm Htnicturc, tliAu %vonW At W ilioiight 

from »o fehort Ai\ ea^aiauiatioin llio inountAiltA art' aiul 
absolutely bare uf vegetation ; the atmijispbere h» i5r«pk'i»de«Uy eleur; 
the fttralillcation iii.stiircl ; and tiie Im^htly mA vamuj^ly 

coloured : iconic of the natural ini«^ht*J>e truly eotnparixl for 

di^tinetm'^j* to those coloured oiu^ in geoh^jlicin works. Considering 
how littleis known of the structure of fhiii ;trig:uviif range, to which 1 
particularly attende*!, must travtllers having ct>Hcctc(l only w|Hvimcn« 
of the rocks, I think my Hkcleh’.'Avtious, though nw-snrily im|!»crhx't, 
pcisstcss some intert'St, The section given in Piute U which I 

will now dc*scrihe in detail, is on a horixontul scale of a thin! of an 
inch to a nautical mile, and on a vertical fKuh* of utic inch to a mile 
t>r feet. The \\idth of the raie^e, (excluding a few outlying 

hillock-) from the plain on which St. dago the capital of i'hile 
-tand-, to the ramj>as, is sixty mile-, as far 1 caif judge from tin? 
maps, which diilVr from t ach other and are all c.ri*/C'/i/o;/y iuiJ»Crft'Ct. 
'] he St. dago ]>lain at the month of the Mayjlli, I c-limale from ad- 
joiiiin£f known points at f4et, and the Pampas at 350t> feet, 

both uhoYo the level cd the sea. The hel'^dit of tin’ IVmpicm'S line, 
according to Dr. Gillie-,^ is lo,2ln feet ; and that of the lh>rlillo line 
(both in the gaps where the r< a<l enj-.-e? them) i» 1 >,34.^ feet; th«r 
loNVt»st part of tiie intcrnu*liatc valley of Tenuyun 7*530 feet,— ~ 
all above the level of the mu. 

The ('ordillera Ijcto, and inde<.sl 1 believe througbout Chile, consist 
of ibcvcral parallel, anticlinal and unielinal imnjutaiii-lincs, ranging 
north, or north with «'i little wc-ntlng, and south. .^>rne exterior and 
mu(‘h I<»wor nMges often vary considerably from this courw*, projeciing 
like oblirjue spurs from the main ranges : in tlie district towards the 
Pacific, the mountains, Inhere remarked, extend in various dirr^c- 
tioiw, evi'ii ca-t and wt^i. In the main exterior hni>, tlie strata, n» 
abo before reniarke<l, are seldom incHnesi ut a high angle; hut in ihet 
contrnl lofty ridges tliey are almost alway** highly inclined, brtikeii by 
many irnat f.inlts, and often vertical.* As far as I could jtidgc, few 
of tie r.i! gf art of groat length ; ami in llic central parts of Urn tW- 
fhil< ra. I wax fropufllly able to* follow witfi my eye a ridge gradually 
b r uoln:^: bigiter and biglu r, .as the stratification increas*'<!l in incltrta^ 
tion, fn-m om* end where height wan trilling and its strata gently 
iiiclinrd, t(j the .,ih< r Mid when* vertical atraU foruml snovv«clad 
plnnults. lOven oiitsld.- the main Cordillera, near th« Haths of 
Catnpi' I fihsrrvi rl cuie such van*, where a north and aoittli ridgo 
b;vl its strata in the valley mclimd at 37®, and than % niH« 
oiuli of it, at 07" : artoiber parallel and fiiimilarly incHircd ridgo, 
r<oe, at the fli-taiice of .about five miles, i|^to a lofty moitfitaui with 
ab^ hiuly ve rtical strata. Within the Cordillera, the height of tfio 
rido« - .and the indinatitm of the strata ofUm tn^camo doubled ftml 
trt hh d in non ii sli^rter distances than fivu iiith^ : ihm pt^uHar form 

of nphe;ual probably indicates that the stmtifimj crust wnn ttdfi» and 


^ f»f Sal. .^nd Au$mi 1830 . 
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hcnco yielded to tlio underlying intrusive masses; unequally, at certain 
points on the lines of fissure. 

Th© valleys, \w wliich the Cordillera are drained, follow the 
anticlinal or rarely synclinal troughs, which deviate most from the 
usual north and south^oursc; still more commonly those lines of 
faults or of unequal curvatifrc (that is, lines' with the strata on both 
hands dij)ping in the same direction, but at a somewhat different 
angle) wliich deviate most from a northerly course. Occasionally 
tlie torrents run for some distance in the north and south valleys, and 
then n^cover^tlioir eastern or western course by bursting through tlie 
ranges at those points, wlicre the strata have been least inclinra and 
tb(^ hclglit consequently is less. Hence tlie valleys, along wliich the 
roads run, arc generally zigzag; and, in drawing an cast and west 
wtirui, it is necessary to contract greatly that wliich is actually seen 
on the road. * 

(Vunmencing at tlio western end of our section [^No. 1.] where 
th(' fl. Maypu (icdioiiclfcs on the plain of St. Jago, wo immediately 
eiiti'ron the porpliyritic conglomerate formation, and in tlie midst of 
it iind some hummocks [A] of granite and syenite, wliich probably 
(for I neglected to collect specimens) belong to the andesitic class. 
Th(‘Ho are succeeded by some rugged bills [B] of dark-green, crys- 
talline, fcldspathic and in some parts slaty-rocks, which I believe 
belong to the altered clay-slato formation. From this point, great 
moiiiitains of purplish and greenish, generally thinly stratified, highly 
porjiliyritic conglomerates, including- many strata of amygdaloidal and 
grcorist(»ne porphyries, extend up the valley to the junction of the 
nvers Veso and V(dcan. As the valley here runs in a very southerly 
course the width of the porphvritic conglomerate formation is quite 
conjectural ; and from the samo cause, I was unable to make out 
much about the stratification. In most of tlie extenor mountains 
the »U]> was gentle and directed inwards ; and at] only one spot I 
ol,.orvo<l an inclination as l.igl. as 50°. Near the junction of the 
!{ ('olorailo with the main stfcani, there is a hill of whitish, hrec- 
ciateil, parliallv dccouiposod fcldspathic porphyry having a volcanic 
Sect h„t no't being really of that nature: at Tollo, however, _ m 
iVl Vvllcv Dr. MenV met with a hill of pumice containing mica. 

1 the iunctioii of' the Yeso and Volcan-[D] there is an extensive 


f" n'rtion'b’r Mevcn found true trachyte. The andesite is covered 
formation crystalline, obscurely porphyntic rocks, 

■'^wiiove them bv the .ordinary porpliyritic conglomerates, the 
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Boyond the junction oC the Yo»o and Volcan, tlio jwrphyritic strata 
ap|>ear to dip towanU the hiliocke of andesite at an angle of 40^; but at 
some distant |)oiut3 on tho sainc ridge, they are ^ent up and vorti- 
caL Following the valley of tho Yeso, trending N*E, (and iherofore 
still unfavourable for our transverse section), the same porphyrittc 
cougloiuerato formation is prolongwl to ne«ar*tho Cuesiadel Indioj 
situated at the western end of iho basin (like a drained lake) of Yeso, 
Soino way Ixfore arriving at this point, distant lofty pinnacles capptxl 
by colouroil strata belonging to tho great Oyjisootjs formation could hrst 
be a*en. From the summit of the Cuesta, hiking southward, tliero 
is a magnificent S4i.'tional view of a mountain-mass, af least 2(H)0 
feet in thickness [FJ, of fine andt*sitic granite (containing much black 
mica, a little chlorite and ijuarU), which 8<'nds great white dikes far 
into the HiijKTincumbeiit, daik-c<dt>urt‘d, ptirphyritic conglomerates. 
At the line of junction the two formations an? wonderfully interlaced 
together : iu tlie lower part of the porjdiyritic conglomerate, the 
stratification has hevw quite obliterated, whilst in the upj>er patt it 
is very distinct, the Uds com[«>sing the crests of tlie surrounding 
mountains Ijoing inclined at angles of between and 80 , and some 
bt‘iug even vertical. On the northern »ide of llio valley, there is a 
great corresponding of andesitic granite, which is encased by 
porphyrittc cungloinemte, dipping both on the western and eo^itern 
bides, at about 80' to w wt, but ufi tin? eastera side with the tips of 
the strata Wnt in such a manner, as to render it probable that tho 
wlmle ma^'^s had been on that side thro^vn over and inverted. 

In the vailev-basin of the Ycsi», which ! (stimatc'«l at 7000 kvi 
above the level of the s<*n, wc first reach at [F] tho gypseous forma- 
tion. its thickness is xcry great. It consists in most" [>artH of snow- 
wliite, hard, a^nnpiMH gypsum, which breaks with a sacebarine frac- 
ture, havini: translucent edges ; under tho blow j>i[x^ gives out mucfi 
\api*ur; it frequtotly includes newts and oxcecdingly thin layora of 
crystailixed, blackish carbonate of iime. Large, irregularly shapoil 
concretivnes (oxiernally still exhibiting Jlincs of aqueous deposition) of 
Idrwkisli-grey, but bometimea wbitc, coaraedy ancl brilliantly crystal- 
lised hard anhydriu^, abound within the coimnou gyjvbum. lliitocka, 
formed of the hardest and purest varieties of tlio white gypsum, 
stand up alMjvo the surrouadmg parte, and have their tmrfaeeii cracketl 
and marked, ju-*t like newly bokirtl bread. Them is mucl'i jmlo 
brown, soft, argillaceous gypsum ; and there were lomo intercabted 
gris n Ixxb which I had not time to reach. I saw only one (ngmmt 
of selenite or trans)^rent gypsum, and that perh^ may have como 
from Home sul^m (picntly formed vein. From tho mineralogiqa eba- 
ructiTH here given, it is probable that tjiose gypwus lx?d)» have 
miilergrme soino metamorjihic action, m atrata are much hiddm 
>y ‘ etntuH, hut they appeared in most parU to Ikj highly incimotl ; 
am m .an adjommg lofty iminaclo they could bo dbtmcSy leon bond- 
/ V verticiil, conformably with the utidoriyiog pOr- 

p ri ic coii^p„rt^;raV;, In very many parts of the gmai mounUm- 
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face [F], composed of thin gypseous beds, tlicrc were innumerable 
masses, irregularly shaped and not like dikes, yet with well-defined 
edges, of an imjMJifectly granular, pale grccnisli or yellowish-whito 
rock, essentially composed of feldspar, with a little chlorite or horn- 
blende, epidoto, iron-pvrites, and ferruginous powder : I believe that 
these curious trappeaif masses have been injected from the not far 
distont mountain-mass [E] of andesite whilst still fluid, and that 
owing to the softness of tlio gypseous strata they have not acquired the 
ordinary forms of dikes. Subsequently to the injection of these 
feldspathic r^'ks, a great dislocation has taken place; and the much 
shattered gypseous strata here overlio a hillock [[G], composed of 
vertical strata of impure limestone and of black highly calcareous 
shalo including threa<ls of gypsum : these rocks, as we shall presently 
see, belong to tljo upper parts of the gypseous series, and hence must 
here have been tlirowm down by a vast fault. 

Proceeding uj) the valley-basin of the Yeso, and taking oiir sec- 
tion Sometimes on one iiand and sometimes on the other, wo come to 
a great liill of stratified porphyritic conglomerate [II] dipping at 15^ 
to the west ; and a few hundred yards farther on, we have a bed be- 
tween 300 or too feet thick of gypsum [I] dipping eastward at a 
very high angle : hero then we have a fault and anticlinal axis. On 
the oj)positc si<le of tlie valley, a vertical mass of red conglomerate, 
confonnably underlying the gypsum, appears gradually to lose its 
stratification and passes into a mountain of poqihyry. The gypsum 
[I] is covered by a bed [K], at least 1000 feet iu thickness, of a 
purplish-red, compact, heavy, fine-grained sandstone or mudstone, 
which fuses easily into a wlntc enamel, and is seen under a Ions to 
contain triturated crystals. This is succeeded by a bed [L], 1000 feet 
thick (I believe I understate the thickness) of gypsum, exactly like 
the be<ls before described ; and this again is capped by another great 
[M] of puqdish-rcd sandstone. All these strata dip eastward ; 
but the inclination becomes less and less, as wo leave the first and 
almost vertical bed []l] of gypsum. 

Leaving the basin-plain of Yeso, the road rapidly ascends, passing 
by mountains composed of the gypseous and as^ciated beds, with 
their stratification greatly disturbed and therefore not easily intelli- 
giblo : hence this part of the section has been left uncoloured. Shortly 
before reaching the great IVuqucnos ridge, tlie lowest stratum visible 
[N] is a red sandstone or mudstone^ capped by a vast thickness of 
ulack, compact, calcareous, shaly rock which has been thrown 
into four lofty, though small ridges : looking northward the strata m 
these ridges are seen gradually to rise in inclination, becoming in 
some distant pinnacles alisolutely vertical. . . 

The ridge of Penquenes, winch divides the watcre flowing into the 
Pacific and Atlantic oceans, extends iu a nearly%N.NA\ . and b.S.E. 
line : its stftttA dip, eastward fit an angle of between oO and *5 , 
but in tho liifthcr peaks bemling up and becoming almost vertical. 
Whero Uio road 'erosses^his range, the height is 1 3,2 '0 feet above the 

N 2 
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jji'a-lovel, and I c?»lvinaUHl the neighhouriii^j jiiimach^a from I ^^<H)0 
to 15,000 feet. Tlie lowest stratum vwihlo m thU ridge k a red 
stratified sandstone [V] ; on it are »n|>erinipixHHl giwo great tnaMCa 
[Q and S] of black, hard, camjxtct, even having a concbmdiil frac* 
lure, calcareous, more or less laminated shale, igumsing into lirnairintio: 
this rock conUiiis organic nunains, presently U) lie enumerated. The 
coinpacter varieties fuse easily in a w'hito glass ; and tbk I may 
add is a very gtmeral character with all the aefliinentary boda in 
the ('ordillora : although this rock when broken k genewJly quite 
black, it everywhere weathers into an ash-gray tint. Jlj’twmi theswi 
two great [Q and 8], a Iml [Uj of gypstim Js iiiU?r|xw<!d, 

ak>ot ,100 fret in thickiusts, and having the same characters as hen?- 
trf.re descrikvL I estimaUnl the total lhickiu*sS of llusw three betk 
U, .S] at nearly ;I{mh> feet ; and to lht» tiuist Ut a<idtHi, as will 
Ik iimnediately s. en, a great overlying imwis of rinl Nfndstf>rie. 

In descending the ea*^teni slope of this gn^at evntral range, the strata, 
which in t!»e np[»er pari dip east w-ard at an angle of 40^ lie- 

eono- m TO and more curved, till they arc nearly vertical ; and a little 
further onwards there is seen on the further »id«? of a ravine, a thick 
mass of htraU of hright retl sandstone fTJ, with their up|>cr exlrcmi- 
hliglitly curved, hljowing timt they were oticc conformably pro- 
longed over the* i)eils fS] : on the aouthem and opposite aide of tlie 
r^ad, this red ^^liuKtone and the underlying black slialy rocks stand 
vertical, and iti actual juxtaposition, ('ontinuing to descend, w'o 
(f>mc to a synclinal valley filled with rubbinh, iK^vond which we have 
the p-d sanditoiu* (^T'j corresponding wllli [1], and now’ dipj)ing, an 
is s en both north an I '^outli of the road, at I.V to the woai; and 
un lt*r it, the k I-* [S ^ K *, and i bdu ve P in corre**jH>ud- 
ing ord r and of similar comiwitioii, with those on tlie wtsiUTii flank 
uf ih( l‘» n juems range, but dipping westward. ( do5W> to the synclinal 
va’h y the dip of tht'ac etfata k 4.V\ but at the eastern or further end 
(4 the scriis it increased to Hen? the grt^t gy|>«eoijs formalkn 

abruptly Urmin.atcsi, and '\n succeeded eastward by a pile of more 
neHlrni strata. ( N>risifU‘ring how vifdently theMi cctitml rang«»l have 
been dislocaUal, amt how very numctoiift dike!«!i are in iho exterior and 
lowi r parts of the Cordillera, it k remarkablo that I did iiot hw 
notice a singde dikt?. The prevailing rock in iiris mdghlKiurhood k 
the black, calcareous, cofnpact <ihalo, whilst in the valley-bariii of the 
Veso the pur])lish red Aandrtoiio or inudHtone prcdouiMiatea, — both 
Wing assfxhatc<l with gyp^jf’oiis of exactly tho mm nature. U 
would bo very difficult to am^ertatii the relative tni{H^r|>oj 9 ttion of Uicsc 
?<everal ruasifes, for w*c i^hall afterwards «co in the Ciimbro PaaA tliat 
th(? gyps(a>us and intercalatcKl beds are lcn»rfthaped, and tlmt Uiey thin 
out, even where very thick, and disappear in short horizontal dkiaiwe^J 
it is cpiitc possible thad the black »halc» and rcri sandslonea may 
eonu.uiporaneoiH, but it k more probahlo that the former conipo^w 
thr uppermost partn of the BCries* 

1 he fossils above alluded to in the black cakamiua ahalci are 
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in number, and are in an imperfect condition ; tliey consist, as named 
for mo by M. d'Orbigny, of — 


1, Ammonite, inde^rminable, near to A» reciiconiatuSf D’Orbig. Pal. Franc. 

(Neocomian formation). 

2. Gr^pbaja, near to G, Couhnit (Xeoconian formations of France and Neuf- 


3. Nutica, 


chatel. ) g 

ica^ indeterminablo. 


4. Cyprina roatratra, D'Orbig. Pal. Franc, (Keocomian formation). 
6. llostellaria anguloaa (?) D’Orbig. Pal. de PAmer. Mer. 

6. Tcrobratula? 


Some of Jhe fragments of Ammonites were as thick as a man’s 
arm : the Gryj)hoDa is much the most abundant These fossils 

M. d’Orbigny considers as belonging to the Neocomian stage of the 
cretaceous system. Dr. 3feyen,* who ascended the valley of the 
Kio Volcan, a branch of the Yeso, found a nearly similar, hut 
apparently more* calcareous formation, with much gypsum, and no 
doubt the erpiivalent of that here described : the beds were vertical, 
and were prolonged u\i to the limits of perpetual snow : at the height 
of 9000 feet above the sea, they abounded with fossils, consisting, 
according to Von Buch,t of — 

1. Kxogyra (Grypba'a) Couloni, absolutely identical with specimens from tbo 

Jura and South of Franco. 

2. Trigonia costata, ^identical with those found in the upper Jurassic beds at 

3. J'ecton striatus, ) Ilildesbeim. 

4. Cucullaia, correapouding in form to C. hngirostri8, so frequent in tho upper 

Jurassic beds of Westphalia. 

6. Ammonites, resembling A, biplex* 


Von Buell concludes that this formation is intcrinodiate between tho 
liniestouo of tlic Jura and tho chalk, ami that it is analogous with 
the uppermost Jurassic beds forming the plains of Switzerland. 
Ilencc SI. d'Orhigiiy and Von Buch, under different terms, compare 
tlicso fossils to those, from tho same lato stage in the secondary for- 


mations of Europe. „ , , ji 

Some of tho fossils which I.collected were found a good way down 
the western slope of the main ridge, and hence must originally have 
been covered up by a great thickness of the black slialy rock, mde- 
iicndently of tho now denuded, thick, overlying masses of red sMid- 
stone I neglected at tho time to estimate how many hundred or 
rathei thousand feet thick, the superincumbent strata must have bwn ; 
and I will not now attempt to do so. This, however, would have been 
a hichly iutcresting point, as indicative of a great amount of subsidence, 
of w-hich we shallTioreaftcr find in other parts of the Cordillera analo- 
gous evidence daring this same period. Ihc altitude of the Peu- 
mienes Kantrc, considering its not great antiquity, is very remarkable ; 
many of tbo fossils wore embedded at the height 
the «vmo beds arc prolonged up to at least from 14,000 to 15,000 

above the level of the sea. 


♦ lleiso uin, &c., TU. 1. a. 356. 
t Descript. Pbys, dos lies Canaries, p. 471. 



ni;<’TioN«or TtiR UmAW vti. 

TA^ p4>fiUh ar llm vtilfcy t>f T««njfWR, mMm* 

ting Uko Peunueuwi and Poftilb linens in, aa uniimakNl by I>r. (iUlieti 
and myielfi aiK>ul twenty mile* in width ; tbn lowm parlt wlwtsra the 
road etmtm the river, being 7»^00 ft>et abovo llm Tiiepaea 

ou ilio Portillo lino b foot high (1100 fool bighor than that 

on the Ptniquene#), and the neighbouring |unf||Mriei fimiit* I eoiiedivo, 
ristc to nearly 16,000 ft'ot above tJie laa. Thy nver drafaitog the Inter* 
valley of Tetiuyan, i^aawa through Uta Portillo lioa To 
n tiirn to our i*ecUon ; — Iihuitly after leaving the lower beda of 
the gyjm^otiij fomiatton, we conie to f^ttd niaaser of a coaraa, red 
c<*ugl»Hiieratc [V], totally tittlike any ij^tmta hitherto Hcm in the Por- 
dith ra, Thb c«>nghmieraie » dbiinctly kpome of ilio Uxlt 

U'ing well defined by the greater riae of the {vebbltw : the cemeiU h 
ialc-artH^u^ tuid !u>tneittiK^ ery^taltine, tliougU the tiia»a 6liow« no rigns 
of iiaving U'eti iiietaruorjdi<mHK Tla* included r^ebbliiW are either jkt* 
Uxiiy or only partially AJundi’d ; they conrist of puridmli «and<itones, 
of varioiH jwirpliyriejs <^f brownish liina*to«u, of ulack calcaraoiH, 
compact i»hale pn-wcly like lliat in §il« in the Peurjueuea range, and 
m mu </ Me $ki*U$ ; al^o very many pel>ble» of 

tparix, i^oine of luicaceou!* schbl^ and ii«niW)Uji, broken, rounW 
cry>^Ul« of a mldisli orthitie or |Mgaih frUl^»piir determined by 
Pfuftjmor Miller)^ a«*l theae frt^m their i«aw iiiu«t have Insen derived 
fr»*uj a c«i>ar?»e-graiiKHl r<.»ck, probaldy granite, Fn>ni this feUbpar 
Ih ing orthitic, and even frcmi ita external apm^aratia^ t venture 
lively to alhrni that it 1ms not Wn derived from the rocks of the 
wt^lcni rangers ; but on ilic other hand it may well have come, to- 
g<?ther with the quarU and metamorphic Mchir^ts, from the eaitom or 
Portillo line, fur thi?* line mainly coni^i^t-s of emtm orthitic granite. 
The jH'bbli’u of the ff*^iIiferon« slate and of the piiqde «andsione| cer- 
tainly havr Ix^on deriv<^l from the Peurpieneu or western ranges. 

The roa<l fcho valley of Tenuyan in a nearly oaat and west 

line, and ft;r s<ncral inib^ we have on both hands the oongloniorate, 
everywhere dipping west and funning separate great mountains. The 
strata where first met with, after kavitig Uio gypseous fonnatkon, are 
iiicline<1 westwani at an angle of only 1^0^, which further on inersasos 
to about !,> , 'Dio gypsetjUi5 strata, as we have micn^ arc also inriioed 
wrHward ; lumce, wdicii Icxikiwg from the caiiftcm side of the Talley 
towards tbo Peuquencn nlnge, a most deceptive appcaitinoe Is pre- 
sented, as if the newer lieds of conglomerate dipped directly under the 
much older bcHls f»f the gypseous formation. In the middle of Uic 
valley, a bold mountain of unstratified lilac-coloured jKrtplijfiy 
crystals of honiblcudc) projects; and furtlicr on, a littlo south of tho 
road, there is another mouriiatn, with its strata inclirud at a small 
angle wards, which in its general aspect and colour, roiombles ilkO 
porj>liyritic conglomcraUi fonnaitoii, so rare on this sido of the PeU'* 
<pu^wi hue and mt gramlly dovolopcd throughout ilic westom range** 

^ iiM conglomerate is of great tldckness: I do not suppose tliat the 
fe.rnta torming the separate inountam-masses [V, V, Vi have «rcr 
ocen prolonged over each other, but that ono mass has been broksn up 
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bysevoral, distinct, parallel, uuiclinal lines of elevation. Judging, thoro- 
foro, of tho thickness of tho conglomerate, as seen in the separate 
mountain -masses, I estimated it at least from 1500 to 2000 feet. 
Tho lower beds r^t conformably on some singularly coloured, soft 
strata [[W], which I could not reach to examine; and these again 
rcjst conformably on ^ thick mass of micaceous, thinly laminated, 
siliceous sandstone [[X], associated with a little black clay-slate. 
These lower beds aro traversed by several dikes of decomposing por- 
pbyry. Tho laminated sandstone is directly superimposed on tlie vast 
masst^ of granite which mainly compose the Portillo range. 

The lino of junction between this latter rock, which is of a bright red 
colour, and tho whitish sandstone was beautifully distinct ; the sand- 
stone being penetrated by numerous, great, tortuous dikes branching 
from tho granite, and having been converted into a granular quartz 
rock (singularly Jiko that of the Falkland Islands), containing specks 
of an ochcry powder, and black crystalline atoms, apparently of im- 
perfset mica. The qqartzo^ strata in one spot were folded into a 
regular dome. 

TJie granite which composes the magnificent bare pinnacles and the 
steep western flank of the Portillo chain, is of a brick-red colour, 
coarsely crystallised, and composed of orthitic or potash feldspar, 
quartz, and imperfect mica in small quantity, sometimes passing 
into chlorite. These minerals occasionally as^me a laminar or 
foliated arrangement. The fact of the feldspar being orthitic in this 
range, is very remarkable, considering bow rare, or rather, as I believe, 
entirely absent, this mineral is throughout the 'western ranges, iu 
which soda-feldspar, or at least a variety cleaving like albite, is so 
extremely abundant. In one spot on tho western flank, and on the 
eastern flank near Los Mnnantiales and near the crest, I noticed some 
great masses of a whitish granite, parts of it fine-grained, and parts 
containing large crystals of feldspar ; I neglected to collect specimens, 
so I do not know whether this feldspar is also orthitic, though I am 
inclined to think so from its general appearance. I saw also some 
syenite and one mass which res&ibled andesite, but of which I likewise 
neglected to collect specimens. From the manner Jin which the whitish 
granites formed separate mountain-masses in the midst of the brick- 
red variety, and from one such mass near the crest being travers^ by 
numerous veins of flesh-coloured and greenish eurite (into which I 
occasionally observed the brick-red granite insensibly passing), I con- 
clude that tho white granites probably belong to an older formation, 
almost overwhelmed and penetrated by tho red granite. 

On tho crest I saw also, at a short distance, some coloured stratified 
beds, apparently like those [W] at the western base, but was pre- 
vented examining them by a snow-storm : Mr. Caldcleugli,* however, 
collected here specimens of ribboned jasper, magnesian limestone, and 
other minerals. A little way down the easteA slope a few fragments 
of quartz and mica-slate aro met with ; but the great formation of 
this latter rock [Z], which covers up much of the eastern flank and 
♦ Travel?, &c., vol. i. p. 308, 
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of Uio Portillo rniiptN cannot lx* conveniently cnmified wniil much 
lower down at a plaw called Mai Paso. I1>c micai-INdtiat here con- 
mU of thick lavers t)f ijuartjE, with inUrvening foliii of fincly^acaly 
mica^ often pacesng into a »ul>fl»tanco like hlaek gh>««jr claV'^sl^ * in 
one 8]>ot, the hiycw of qiiarU having disappared, the wliok macs 
came converted into gloji^^y clay*»iale* hejo tho folia were bc«t 
defimd, iliey were inclirud at a high angle wot ward, that is^towanU 
the range. The Hue of junctiun iKtwecn the dark mkai^idatc and tho 
nd granite, wa-i nK>vt cUmly di»iinguidmhW from a vast dw- 
tance : the gmniie i^^nt nmny aiwall veiiw into the inica^sUtc, and 
inclmUil j*»»!ne angular fragments of it. At* the nandsloiic on the 
wv'^Uru h:u>e lian ht^t n conu rttnl hy the r«d graniU' into a graniiUr 
*|uart/-rm k, this great f^jrmation of tniia M lust nmv [Hissihly have 
Inen nuMne*r[‘h‘^>^ il at the same time and hy the mnUf nw'ftns ; but 
1 think it inoie pr^dsahle, cuiisidering its ia«*re |♦erfect metamorphir 
eharat'tt r and its xvi'li-j rt'uouue*'*! ft>hatiun, that it iKdongs to an anh*^ 
ri u r|» H'h, e. lUHet-id with the xvhite granites : J am the more inctmd 
tit this viexv, fr-»m liavitig h-und at the hH>i of the range the tnica- 
snrrouiidiug a hunnnmk [V ixeliwivtly coinjvwl of white 
granite. Near l.os Aren the uo>mtlaiiiH on all sid<'!s arc om)|Kr}«^ti 
«»f the nuci-slate ; iumI luokitig backwards from tlus point up to thf' 
hart' gigantif |Huks aleive, tin vi.‘w was tuniiKmtly iiitvref^tiiig. The 
(olijurti of tin* red granite and the black fuica*t*!«4lo Ar%‘ m distinct, 
that with a briglil liglit tlje^c rocks cetiM W O'^tdily dtsiing^iM»*‘'l 
evdi from the I’atupas, at a level of at lei'^t !M>bo f*s»i Tl»e 

red granite, from hviog divided by partdh l joints, h.is weathered into 
t;har{» piimueh r, on ^o^|>e of which, ♦ veil on some of the loftii^b little 
caps of nii( a— < onld be clearly seen: lore and ilw^n! iifolaUd 
patch’ s of this r*K k a lhered to the moimt.iin-daiiktS **t»d lhe«0 often 
eorrt spomb d in In ight .and po<.fUioii on the op|KwiU‘ side^* of the iin- 
ni< li-e valh ys. Lower down the Jichist prcvatlod tuolo tud mon*, 
with only a few *|uiie mnal! poinu of granite projecting thfough. 
Looking at the entire cubtm* face of the Portillo rmtge« ihercii onlonr 
far exceeds in area the black ; yet it gcarccly potvoibie to doubb 
that t!ie granite had once been ftlinotri wholly encaacd by tliO mica* 
sehi>^t. 

At Los Arennhft, low down on the tlank^ llw imcft-<dAto h 

traversed by several ch^sedy adjrduing, broad diket^ ptraUcl to c«w^h 
other and to th«* f<>iiati<f^) of tho schi'*t. The dikcn 1110 forWMjd of 
three ditiVn nt vari» tics of rfK:k, of which a pale browtt feldspatld*^ 
porphyry w ith grains of ipiartz wa* much the mimt abumUnt. These 
dikes with their granules of quarty., as well am the uitok-licilUt 
strikingly roM rnhie the rocks of tho I'honrm Archipotiigo. At » 
height of about 1200 feet above Uie dik<«i» and jiorfiapa eonnoctc<l 
with ihdu, tlnrc is a range of cliffs formed of sucemivr) 
pA A3, lM‘twe< ii ,qoo jfnd 400 bnjt in thicknesns and in pblc<*a fiix^ly 
cohminar. The lava coiiriists of dark -grayish, lmr»h rock«i, intcnne- 
mate in characUjr between trachyte and bmli, containing glaoay foM* 
i^par, o iviiH , and a little mica, and iKUiieUuins atnygmiuiida! vvdth 
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xcolito ; the basis is either compact, or crenulated with air- 
vesicles arranged in laniinee. The streams are separated from each 
other by beds of fragmentary brown scoria*, firmly cemented together, 
and including a fe^ well-rounded pebbles of lava. fiVom their gencsrill 
appearance, I suspect that these lava-streams flowed at an ancient 
i^riod under the pr<|^ure of the sea, when the Atlantic covered the 
Pampas and washed the eastern foot of the Cordillera*^ On the 
opposite and northern side of the valley there is another line of lava- 
cliffs at a corresponding height ; the valley between being of consider- 
able breadth, and as nearly as I could estimate 1500 feet in depth. 
This field o£ lava is confined on both sides by the mountains of mica- 
schist, and slopes down rapidly but irregularly to the edge of the 
Pampas, where, having a thickness of about 200 feet, it terminates 
against a little range of claystonc porphyry. The valley in this low’er 
part expands injo a bay-like, gentle slope, bordered by the cliffs of lava, 
which mi^st certainly once have extended across this wide expanse. 
Tli§ inclination of tli(^ streams from Los Arenalcs to the mouth of tho 
valley is so great, that at the time (though ignorant of M. Elie do 
Beaumont’s researches on tho extremely small slope over which lava 
can flow, and yet retain a compact structure and considerable thick- 
ness) I concluded that they must subsequently to their flowing have 
been upheaved and tilted from the mountains : of this conclusion I 
can now entertain not the smallest doubt. 

At the mouth of the valley, within the cliffs of the above lava- 
field, there are remnants, in the form of separate small hillocks and of 
lines of low cliffs, of a considerable deposit of compact white tuff 
(quarried for filtering-stones), composed of broken pumice, volcanic 
crystals, scales of mica, and fragments of lava. This mass has suf- 
fered much denudation, and the hard mica-schist has been deeply 
worn, since the period of its deposition ; and this period must have 
been subsequent to tho denudation of tlie basaltic lava-streams, as 
atteste<l by their encircling cliffs standing at a higher level. At tho 
present day, under the existing arid climate, ages might roll past 
without a square yard of rdek of any kind being denuded, except 
j)crbaps in the rarely moistened draiiiage-cbannej of the valley. Must 
we then look hack to that ancient period, when the waves of 
tho sea beat against the eastern foot of the Cordillera, for a power 
suflicient to denude extensively, though superficially, this tufaceous 
deposit, soft although it be? 

There remains only to mention somo little water-w’om hillocks 
tB B], a few hundred feet in height, and mere mole-hills compared 
with tho gigantic mountains behind them, which rise out of the 
sloping, shinglo-covercd margin of tho Pampas. The first little range 
is composed of a brecciated purple porpliyrltic claystone, with obscurely 
marked stiata dipping at 70° to tho S.W.; the other ranges consist 

* This conclusion might, perhaps, even have been anticipated, from the general 
rarity of volcanic action, except near tho sea or largo bodies of water. Conform- 
ably with this rule, at tbo present day, tbero are no active volcanoes on this eastern 
•idi of the Cordilleru ^ nor are severe earthquakes experienced here. 
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and looking oottlhwoid, and wliitat ttafolltitg notibward^ I ooaM aoo 
for tery many leagues the red granito and dark mteaHKbisi forming 
the erest and eastern flank of Uie PoritUo line. This great rango^ 
aeeordtttg to Dr. Giiltesi can be Iraeed with little interruption for 140 
miles southward to the K. Diamanlo, witero it unites wi^ the wtMib- 
em ranges : north ward| according to thb same anthor, it termmiUei 
where tlie R. Mendoza deboudies from the mountains ; but a liillo 
further north in tiie oasteni part of the Cumbro section^ there arO| as 
we shall hereafter fee, some monntaiu^maiiiei of a brick*red porphyry, 
the last tnjecUd amidst many other porphynen^ and haring so close 
an analogy with the coarse red granite of Uie I^rtilfo line, Uiat I mit 
tempUMl to Ijclierc that they Iwlorig to ilie same aaU of tnjeoiioii : if 
so* the Portillo line is at leaajt 200 miles in length. Its height, even 
in the lowest gap on the nuul, is IA,S65 feet* and some of the pinna- 
cles apparently attain an elcYatlon of about Hi, 000 feci abore ibe sea. 
The geological hii^ory of this grand chain appears to me eminently 
intert'siting. We may safely conclude, that at a fomier period the 
valley of 'renuyan existcvl as an arm of itie sea, about twenty miles 
in width, bordered on one hand by a ri<ige or chain of islets of ilie 
black calcareous shales and pui|dc sandsi«iiics of the Gypseous forma- 
tion ; and on the other hand, by a ridge or chain of islets composed 
of mica-slate, white granite, and perhaps to a |uirtial oxtsnl of red 
granite. These two chains, whilst thus !>ordering tlie old ssuMebanncl, 
must hare been exj>o#td fur a vast lapse of time to alluvial and HUo- 
ral action, during which iiie rt>cks were shattersd, the fragments 
rMimdfHl, and the strata of conglomerate acoumulakd to a thickness of 
at least 1 500 or 2000 feet The nwl orthi tic granite now fortiis» as we 
hare seen, the main pari of Uio Portillo* chain : h is injected in dikes 
not only into the rnti:^scliist and white granites, but into llie 
ted sandstone, which it has metamorpho^, and wbkh it has tilfowa 
oft', together with Uie conformably overlying coloumi beds and atrali- 
fted conglomerate, at an anj^c of forty-five aegrooa. To have thrown 
off so vast a pile of strata at thts angle, is a proof Uiat tim main jjWt 
of the red graritlo (whether or not |w>rtioni, aa perhapa Ja piobwdc, 
previously existed) was injeetefl in a lK|uefi<^ State altar lha iosnmn* 
lation both of the laminated sandstone and of the condbmatala; th*r 
conglomerate, we know, waa accumulated, not only aSwr tt^a daposj- 
tion of the fossiliferous strata of the PouqiKmas Itna, Imt iftar lha*< 
elevation and long oontinued denudation : and thaaa toasififerons 
strata Uiong to the cdlly part of tho crelaaaoua system* late, 
therefore, in a geological sense, os must bo tho age of the tnaiil part of 
tiic red granite, 1 caw conceive nothing more impiUSidvo than the 
eastern view of this great range, as forcing the mind to grapf^ 
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tho idea of the thousands of thousands of years, requisite for the denu-> 
dation of the strata which originally encased it,—- for that the fluidified 
granite was once encased, its raineralogical composition and structure, 
and the bold conical shape of the mountain-massee, yield suflicient 
evidence, , Of tho encasing strata we seef the last vestiges in the 
coloured beds on the (rest, m the little caps of mica-schist on some of 
the loftiest pinnacles, and in tlio Isolated patches of this same rock at 
corresponding heights on the now bare and steep flanks. 

The lava-streams at the eastern foot of the Portillo are interesting, 
not so much from the j^eat denudation which tliey have suflered at a 
comparatively late period, as from tho evidence they aflbrd by their 
inclination taken conjointly with their thickness and compactness, 
that after the great range had assumed its present general outline, it 
continued to nse os an axis of elevation. The plains extending from 
the base of the Cordillora to tho Atlantic, show that the continent has 
been upraised in moss to a height of 3500 feet, and probably to a much 
grbater height, for thejpmooth shingle-covered margin of the Pampas is 
prolonged in a gentle unbroken slope far up many of the great valleys. 
Nor let it be assumed that tho Peuquencs and Portillo ranges 
have undergone only movements of elevation ; for we shall hereafter 
see, tliat the bottom of the sea subsided several thousand feet during 
the deposition of strata, occupying the same relative place in the 
Cordillera, with those of tho Peuquenes ridge ; moreover, we shall see 
from tho unequivocal evidence of buried upright trees, that at a 
somewhat later j>eriod, during the formation of the Uspallata chain, 
which corresponds geographically with that of tho Portillo, there was 
another subsidence of many thousand feet : here, indeed, in the valley 
of Teimyan, the accumulation of the coarse stratified conglomerate to 
a thickness of 1500 or 2000 feet, ofiers strong presumptive evidence 
of subsidence ; for all existing analogies lead to the belief that large 
pebbles can be transported only in shallow water, liable to be afiected 
by currents and movements of undulation,— and if so, the shallow bed 
of the sea on which the pebbles were first deposited must necessarily 
have sunk to allow of the accibmulation of the superincumbent strata. 
What a history of changes of level, and of wear^and tear, all since the 
ago of the later secondary formations of Europe, does the structure of 
this one great mountain-cliaiu reveal ! 

Passage of the Andes hy the Cwnbre or Uspallata Pass, 

This Pass crosses the Audes about sixty miles north of that just 
doscribod : the section given in Plate I, fig. 2, is on the same scale as 
before, namely, at one-third of an inch to a mile in distance, and one 
inch to a mile (or 6000 ^Seet) in height. Like the last section, it is a 
mere sketch, and cannot pretend to accuracy, though made under 
favourable circumstances. Wo will commence, as before, with the 
western half, of which tho main range bears the name of the Cumbro 
(that is tho Ridge), and corresponds to tho Peuquenes Ime m tho for- 
mer section ; as docs tho Uspallata range, though on a mu<* smaller 
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iCtK to llrtA ot th« PortiHa. Nimr ti*c pomi wbwt ttw li w 
isuroii diAondM)* 0*1 too bwwhjJtwii of too ffofito oftm^ ofc o Iwitoiil of 
i^i *300 fisoi aboto too ioo» wo mooi o^ito 

fffoooito pofphyriiio clAT^ttowo ooogloiwofato* BijJo <w tiito naiuio 

SHofnaaorwto numofotti compiol »«d awygdJoiW P^bytojo. 
whfch have flowed i« oubmartno Uvw, and 
moaoiaio-maaflos of tariouA, iiyeolod^ noii-otoMiBoa ponfliirfioi, are 
iirolougcil ilio whcdo diaUfico np W tlio Cwmbfo 
of too commoiioot etraUfitd |K>r|ibyrio« i» of a ffma^our, hMly 
g(ii ycdaloidel with too vanoiia iiiittotale doocnlHHi ta too jfrfoltoijitaiy 
diacuii^oii, aiid incIucUni? fiiio ttouUf otyetaie of alUiiow inoan- 

taiuH nwiffo iiorih (Mflou with a lilUo w^csetiag} and eouili* aifati^ 

flcaiiiHi, wherever I could cUrarly dbUnguito it, waa indiiied wcaiwaid 
or towards the JWiflc, aiii tacopi near toe Cmiibre, aoldom at anglos 
al>«>ve '2:> \ Only at one #j>crt on Uiie wi^tem toU% oiiji lofty pimtaeie 
not far from the f’uuiUre, I ^aw etraU apj»anmlly t>clon|^g to the 
Oyp^'^>us formation, and omfonnahly capping a pile of eirat^cd 
jK>rphyrk^. Hence, both in com{H>«iik»ti and in eiraii flea tiofi, the 
jjinicture of the niomitaina on tlue we#terii iide of Uie 
oy/oir«w#, i» far iai>re i^iniplc than in the coritss ponding jiaii of the 
l\tu*pune>» section. In the [joqdiyriiic clay-s»totw e^iglomerato, too 
imtjliAnical atnictnn? and the plan^^a of strati lication liaifo gene- 
rally l>cen ninch olwKimd and even quite oblttoratod towards the 
W'ic lif the wrliM, whiUt in tho npjwr near the finntntU of the 
mountains^, both are distinctly displayed# In thajo upper portio^ the 
poq^hyries are generally lighter colourtn!. In three [dacea fX, Y, /] 
masses of andesite are ex|xi»td : at [\]» this rock coftlauied aorno 
quart/, but the greater |«irt consi^tid of andesitic poqAyry, with only 
a few w'oll doveio|Hxl crystals of albile, and forming agre^at white nwwis, 
having the external a.H{K«ct of granite, aipptd by uiuclt dark tmatrali- 
fieil pijqihyry. In mniiy parts of the rnouiitains, there are dike* of a 
gmni colour, and other white ones, which latter probably apitng 


nnderlviiig masses of andesite# 

Hie Cumbre, w here the rcMid crosses It, i% according to Mr. Pent 
land, 12,45i fw-‘t alniyo tlio ica; and too neighbouring peitoa, 
posed of dark purple and whitish p<irp!iyrica, somo obscuray flratincd 
with a westerly dip, ami others without a trace of sUaliScwonji 
exceed 13,000 foet^in heiglft. Descending the oantem 
Curnbre, the structure becomes very com pheatod, and gtaxeraHy di(^ 
on tho two sides of the cast and west lino of road and Pb«t 

wx‘ come to a great mass fA] of nearly veiiicaL aingulaiiy CKMitortod 
strata, composed of highly compact ral saiiaitonc% and of 
caleaa'ous conglomcratoa, and ncnctratoil by green, yellow^ and lod* 
disli dikes ; — but I shall presontly have an o|ifK»rtuntiy (^dUforibing in 
some detail an analogous pile of strata, lliosc vertical bcdl a^ 
abruptly succeeded by tithers ([BJ, of appareitUy nearly ibo aamo 
nature but more meiamorphoa^ alternating wiiti pofpbyrici and 
limoBtones ; these dip for a shoH space wcstwanl, but ihcro bai been 
here an extraordinary (Utdocaiioti, which, on the north side uf toe 
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road, appears to have determined the excavation of the north and 
south valley of the R. de laa Cuevas* On this northern side of the 
road, the strata QB] are prolonged till they come in close contact with 
jagged lofty moliutain [D] of dark-coloured, unstratified, intrusive 
porphyry, where the beils have been more highly inclined and still 
more metamoiphoscdt This mountain of porphyry seems to form a 
short axis of elevation, for south of the road in its line, there is a hill 
L^l porphyritic conglomerate with absolutely vertical strata. 

We now come to the Gypseous formation : I will first describe the 
structure of the several mountains, and then give in one section a 
detailed acebunt of the nature of the rocks. On the north side of the 
road, which here runs in an east and west valley, the mountain of 
porphyry [D] is succeeded by a hill [^E] formed of the upper gyp- 
seous strata tilted, at an angle of between 70° and 80° to the west, by 
an uniclinal axis of elevation which does not run parallel to the other 
neighbouring ranges, and which is of short length ; for on the south 
side of the valley its prolongation is marked only by a small flexure 
in a pile of strata inclined by a quite separate axis. A little further 
on, the north and south valley of Ilorconcs enters at right angles our 
lino of section ; its western side is bounded by a liifl of gypseous 
strata [F], dipping westward at about 45°, and its eastern side by a 
mountain of similar strata [G] inclined westward at 70°, and super-* 
imposed by an oblique fault on another mass of the same strata [H], 
also inclined westward, but at an angle of only about 30° : the com- 
plicated relation of these three masses []F, G, II] is explained by the 
structure of a great mountain-range lying some way to the north, in 
which a regular anticlinal axis (represented in the section by dotted 
lines) is soon, with the strata on its eastern side again bending up and 
forming a distinct uniclinal axis, of which the beds marked []II] form 
the lower part. This great uniclinal line is intersected, near the 
Puente del Inca, by the valley along whicli the road runs, and the 
strata composing it will bo immediately described. On the south 
side of the road, in the space corresponding with the mountains 
[E, F and G], the strata everywhere dip westward generally at an 
angle of 30°, occasionally mounting up to 45°, but not in an unbroken 
line, for there are several vertical faults, forming separate uniclinal 
masses, all dipping in the same direction, — a form of elevation com- 
mon in the Cordillera. We thus sec thalj withinm narrow space, the 
gypseous strata have been upheaved and crushed together by a 
great uniclinal, anticlinal, and one lesser uniclinal line [E] of eleva- 
tion ; and that betw^een these three lines and the Cumbre, in the 
sandstones, conglomerates and porphyritic formation, there have been 
at least two or three otlier great elevatory axes. 

The uniclinal axis [t] intersected near the Puente del Inca* (of 


• At this placo, there ore some hot and cold iltiriags. the wannest having a 
temperature, according to Lieut, lirarnl (Travels, p. 240), of 91°; they emit 
much gas. According to Mr. Brande. of the Royal Institution, ten cubical inciies 
contain forty-five groins of solid matter, consisting chiefly of salt, gypsum, car- 
bouote of lime, and oxide of iron, I be water is charged with carbomc acid 
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whieli fttfate $i [R] form a jMurt) rangm N. bf W« tad 6« bv 
fbmtiig a lAiiuii of moiiiili4iti» apparottily liitie mforfot in Mgiit to 
Ibe Combro : Ibo tirala, m wo mxt »een, dip a4 ip aYoiago angio of 
30** to wmb The ilaiilu of Iho mouataliii aro himi qoito baro and 
aUwp» aflbrdbff an excolfeni aeetion ; ao tliat I waa ablo to inapool tbo 
altaia to a thi^iumi of about 4000 foot» and cobid otoaHy dbmiguisli 
their genefal uatnre for 1000 feet higlHW, making a iolat Ibidtiiaii of 
5000 teei, to which mnat be added about 1000 feet of the ittilWor 
strata aeeu a little lower down the ralley. I will deaoribe tbit one 
section in detail, begintiittg at tlHo bedtoni. 

Ut, Tlw loweot maiw is the altered clay-tlate dceeriljcd* in the pro- 
tlniinary discuaaion, and which in this Ime of section wia Item first 
met wdth. Ijower down tlic Yalley, at the R* dc laa Tacaa, 1 had a 
Mter opp>rianiiy of examining it ; it U there in tome parta well 
cfiamctmscJ, haWnu a dUiiuci, neariy vertical, tortuous cleavage, 
ranging N,W. and S.Il, and intersected by quarts veins: in 
moat parts, howerefi it is crystalline and M*dsi>at{iiCy and paSsea 
into a true gmmsiofie often tneluding gratits of quarts. Tito clay* 
slate, to its upper half, is frequently brecctaUsI, the embedded 
angular fragments being of nearly tlte same nature witli the pastes 

2nd, Several strata of purplish porphyritic conglomerate, of no vm 
t thick ness, rest confomiably upon the feidv})athic slate. A thick 
of fine, purple, clay stone j>or|diyrv, obscurely brecciatod (but not 
of metamorphosed swiimentary origin), and cap^xnl by porphyriltc 
conglomerate^ was the lowest bed actually examined in this soctSon at 
the Puente del Inca. 

3rd, A stratum, eighty feet thick, of hard and very compact im- 
pare whitish limestone, weathering bfiglit rcil, witli incliidcfl layers 
bn*cciated and re*cemeoied. Obscure marks of shdl are distingnish* 
able in it. 

4ih, A re<l, quartxose, fine-grained conglomctale, with mins of 
quartz, and with patches of white earthy fdd^par, apparent duo to 
some ])nK:ess of conereiitmary •crystalline action : this bod is ittoro 
compact and inetaiiiorphosc^l than any of the overlying cowkmicratco* 

5th, A whitish chcrty iimestone, with ntxlules of bluo&h argilla* 
ceou<i limestone. 

fJth, A white conglommb^, with many paiitcki of quarts almoot 
blending into the 

7th, llighly siliceous, fine-grained white oandstouo# 3th and 9tli, 
Ucd and white l>cds not examined. 

lOth, Vtllow, fino-graiued, thinly stratified, tnaguostau (judging 
from its slow dissoiutioti in acids) limcotono ; it tucmdai iofllO 
qtiariz |>ehhlos, and Utile oaviitea, lined wi^ caloaiuous iqMifi somo 
fctaining the ffirm of shells. 

I A bc<l, }>>etwecnvtwcnty and thirty foot tlii^^ quite coo&fui- 
able with the underlying ones, composed of a hard bs^ ^g^d Klao- 

hyflr^©ii. spfiogi deposit oioch tofii fa Iko <kf|» of 

ni«y lmr«t forth, os do faoto Of CsudoOHOit and piotiihly tho®* 
on ft lilift of &)«f fttion. 1 * r- / 


and Jiwlphnmtwj 
ftpbencfil bftlUi. '] 
of Villa Viconcio, 
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gray, porphyritio with numerous crystals of whitish feldspar, with 
black mica and little spots of soft ferrugiuous matter : evidently a 
submarine lava, 

12th, Yellow nfagnesian limc^stone, as before, part-stained purple. 

13th, A most singular rock ; basis purplish gray, obscurely crys- 
talline, easily fusible into a dark green glass, not hard, thickly speckled 
with crystals more or less perfect of wliite carbonate of lime, of 
rod hydrous oxide of iron, of a white and transparent mineral like 
analcime, and of a green opaque mineral like soap-stone ; the basis is 
moreover amygdaloidal with many spherical balls of white crystallised 
carbonate of lime, of which some are coated with the red oxide of 
iron# I have no doubt, from the examination of a superincumbent 
stratum (19), that this is a submarine lava; though in Northern 
Chile, some of the metamorphosed sedimentary be£ are almost as 
crystalline, and of as varied composition. 

1 4.th, Red sandstone, passing in the upper part into a coarse, hard, 
rod tsonglomerate, dOQifeet thick, having a calcareous cement, and in- 
cluding grains of quartz and broken crystals of feldspar ; basis infu- 
sible ; the pebbles consist of dull purplish porphyries, with some of 
quartz, from the size of a nut to a man s head. This is the coarsest 
conglomerate in this part of the Cordillera : in the middle there was a 
white layer not examined. 

15th, Grand thick bed, of a very hard, yellowish- white rock, with a 
crystalline feldspathic base, including large crystals of white feldspar, 
many little cavities mostly full of soft ferruginous matter, and nume- 
rous hexagonal plates of black mica. The upper part of this great 
bed is slightly cellular ; the lower part compact : the thickness varied 
a little in different parts. Manifestly a submarine lava; and is allied 
to bed 11. 

16th and 17th, Dull purplish, calcareous, fine-grained, compact 
sandstones, which pass into coarse white conglomerates with numerous 
}>articles of quartz. 

18tli, Several alternations qf red conglomerate, purplish sandstone, 
and submarine lava, like that singular rock fonning bed IS. 

19th, A very heavy, compact greenish-black stone, with a fine- 
grained obviously crystalline basis, containing a few specks of white 
calcareous spar, many specks of the crystallised hydrous red oxide of 
iron, and some specks of a green mineral ; there airo veins and nests 
filled with epidote ; certainly a submarine lava. 

20th, Many thin strata of compact, fine-grained, pale purple sand- 
stone. , 

2l8t, Gypsum in a nearly pure state, about 300 feet m thickne^ : 
this bed, in its concretions of anhydrite and layers of small blackish 
crystals of carbonate of Kmo, exactly resembles the great gypseous 
beds in the Peuquencs range. • . , , 

22nd» purple and reddish sandstone, as m bed 20 : about 300 

feet in thickness. 

28rd, A thick moss composed of layers, often as thin as paper and 
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convolwtei, of 1^ fEJV****^ wy tap*, <rf « paipliab 

otdonr. . 

S4Mli, Para gyiMmiDt tMek mara. 
i5th, 1^ nttimooea, of groat tbkkwrafc 
aflih, Piiro gvwratn, of gwat thkkoiM. 

^U>, Altcnuiung Uyeri of paw and imptn fS^fmaa, of gnat 

Ulickflfcsi, 

1 was not Me to wmM U} ihem tew Uni itaU, which coni- 
the neigMwttriojif huAMmi |>iiifiacfe«o 1 ii© thickm^ fcom tlw 
kmcHt to the hoil of gyjwnm, caniiol Im Um Uian 2000 

hrt : tho K^« I ttr»ii«iKitAxii ai 0000 and Hit© dioet iwt 

iiicUitle eitSH’f Uw lower part^ of tW p4>r|dirTttic c^tugionicfiile, or tho 
aiU'retl clay-«lanf ; I conceive tlic loiau lUkkiKani niuai h^ about 0000 
(et< I dvutinctJy olwrtird that not only ibo gy|muii, bwi the alter- 
nations; «ant!ittorMM and cough Mneia tcsi were and repcaiedlj 

thiniu^l owl and replaced t*ach other : tlm# in the diaianc© of alMiut a 
iiiih\ a M 300 feet thick of #and^^^>nc bctwmiitwo bed© of gyi^Om, 
lliininHl out to iiothiog, and ili«ip|kcaitd. 1>io loww pa^ of Uiit 
'Section dtiTcm n^©narkahly,~fci the much gmlcr diToiritjr of its 
inincralogical ciuup^wition,-— in the abundance of caicarooiia matter^ — 
in llic greater c*j>af’sene«« of ftcunc i»f the coiiig!oftteratc>©, — and in the 
nn!ucrt>iH |«irtieU*© and well rounded |T*ehblfn» iOiiiHimca of largo 
of fpiarU. — from any oilier «cclioii hitherto dcscrilieil in Chile. Frf)m 
psxuliariiica, and from this ktw-f^rni of tlie strata, H i* prohaWc 
that tins great pile of strata was aoeutiiwIaUd on a tltallow* and very 
nneven l^iUom, near s^nrie pnvoxUiing hwl fonned of variouii p^r- 
phyri^'H and quarU-^nick. 'Hu* f^rtnatiori of iH^rphyrilieclayab^ne w?n* 
glomerate d<X'^ mil in thi« ssxiion attain nearly it# on^linafT ihkkmis#; 
thii't may U* fHtrih attribute<l t^> the tnctamoqdiic action harhig Wn 
here much les#* energetic than usual, though the lowur bcdf liaro 
articled to a cerUiri degn>e. If it had been M cnorgciiio li in most 
otfjcr parts of Chile, many of the l>«d« of aandatem© and cem- 
gloinorate, containing rounded mnmm pf |>oi|ihyry, woitM doubtlcsss 
havt» IxHm cofivertiKi into poqdiyrUtc conglommtc ; and ilicw* 
have alternated witlv ftnd even hlcndiHl inti>, cry^iialitn© Hid poiT>hy^ 
ritic Htrau without a trace of mcclianical idrucItirt^-^Hiainctyi ktn 
th(w; which, in the prtyenC ©taU* of the ifcciion, we mm are unqiwJ*- 
tioiKihly suh marine la vaa« 

11je Ih-*1s of gypsum, V»geUuyr with the red altcrtutlittg 
aivl eonglomeraUrs, prearnt ©o |M5rfect and enriotw a reaCtnldaiiee with 
thoi^<.> m>c;n ill our former section in the baain^yaUcT of Yeto* tti«d I 
cannot Jouht the identity of the tsvo fortnaliotit : I may aW * 
little westward of the P, del Inca, a mas© of gj ijiuui pil^d into a 
fme-grained, hard, brown sandstone, which ^eofiiamed iOllie llty«W 
black, calcareous, compupt, riialy rock, precisely Itk© Dml aemi in 
vast masses on the Peiiqucncs range. ^ 

Nwit tl.o Puetito dd Inca, nnin.>roiH fragmente of Mnwtbmfc *»«' 
taming some fowiil remain^ wore scattcwl on lh« grottlrf: 
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fragm^to so ^eoUy resemble the limestone of bed No. 3, in vrbich 
I saw impressions of shells, that I hate np doubt, they hate fallen 
from It, Ihe yellow magnesian limestone of bed No. 10, which also 
includes I*?®®® has a different appearance. These fossils 

(w nftmed by M, d Orbigny) consist of~ 


GrjfphiQa^ near to G, Cdkloni (Neoeomian forraMion). 

Arca,«perhap8 A, GudrielU, d’Orbig. Pal. Franc. (Neoeomian formation). 

17 Pentland made a collection of sheDs from this ‘same spot, and 
Vou Buch * considers them as consisting of— 

Tngo^feia, resembling in form 71 costata, 

Pholadomya. like one found hj M. Dufresnoy near Alen^on. 

Isocardia excentrica, Volta., identical with that from the Jura. 


Two of these shells, namely, the Grypheea and Trigonia, appear 
to be identical with species collected by Meyen and myself on tho 
Peujiuencs range ; and in the opinion of Von Buch and M. d’Orbiguy, 
the two formations belong to the same age. I must here add, that 
Professor E. Forbes, w ho has examined my specimens from this place 
and front the Pciiquencs range, has likewise a strong impression that 
they indicate tlie cretaceous period, and probably an early epoch in 
it I so that all the palieoutologists who have seen these fossils nearly 
coincide in opinion regarding their age. The limestone, however, 
with these fossils here lies at the very base of the formation, just 
above tho porphyritic conglomerate, and certainly several thousand 
feet lower in the series, than the equivalent, fossiliferous, black, shaly 
rocks high up on the Peuquenes range. 

It is well worthy of remark that these shells, or at least those of 
which I saw impressions in the limestone (bed No. 3), must have 
been covered up, on tho least computation, by 4,000 feet of strata : 
now we know from Professor E. Forbes’s researches, tli.it the sea at 
greater depths than 600 feet becomes exceedingly barren of organic 
neiugs, — a result quite in accordance with what little I have seen of ^ 
deep-sea soundings. Hence, dfter this limestone with its shells was 
deposited, the bottom of tho sea where the main ]ino of the Cordillera 
now stands, must have subsided some thousand feet to allow of the 
deposition of the superincumbent submarine strata. Without sup- 
posing a movement of this kind, it would, 'moreover be impossible to 
understand the accumulation of the several Ihwer strata of coarse^ well- 
rounded conglomerates, which it is scarcely possible to believe were 
spread out in profoundly deep water, and which, especially those 
containing pebbles of quartz, could hardly have been rounded in sub- 
marine craters and afterwards ejected from them, os I believe to have 
been the case with much < of tho porphyritic conglomerate formation, 

I may add that in Professor Forbes’s opinion, the above enumerated 

r ies of moUusca probably did not live at*a much greater depth 
twenty fathoms, that is only 120 feet. 

Descript. Phys. des lies Can. p. 472. 
o 
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To iHom to our miioil 4owii tlw vtltey : Iteidfaig 6tl tlio gumt 
N. by W. Aod 8. by B. owWiiiiil axw of Uio PMile 4al loc% «rf 
wii^b a occtioo b4» j««t been givini, wad looking uottb-mH^ gmt 
Ubaliur sdasainf of the gypo^ui^ fortoMtoii'f^lC K] bo noon in th« 
diotaiioe, very slightly inclined towtudft tno ooo||» 14>W€Y down th^j 
volley, the inoitnUiiiit ate olmotit cxclndively CNitnpoiod of '|>oi|»hyuii^ 
iiioiiy of tliein of iutnirive origin and oilioro 

but with the straithcatioh mddom di 4 »iingui«bablo ostcopi in tlie up|)«f 
l>am. f )i«n^janHng local dbturbancco, the bodt Ofo oiUw boriaonUl 
or inclimxi at a small luigW caattward^ : henw, wlwfn oiandiiig on the 
pUiij of LNj>al!aU and hK*king to the wo#t Of backwaft^ the Cor- 
dillera apjxur of huge, mmare, nearly hofiaontal, Uhuiar 

tna£j:»ei : so wide a space, with such lofty motiutaiui Oijiialify eit; 
vaud, is randy met with within the CordilU ra. In tht« line of m 
tion, the interval between the Puente del Inca and tite »aghl>i>ur* 
litMxi of the Cumbre, inchuk^^^ all the chief axes of dialocatum. 


The altered clay date furmatioii, airca^ly duM^ritwd, ia seen in ?Kwcn{ 
jarU of the valley iia fat down m l-as Vacas*, nndetlytog the p)r 
phyritie c>^»nglomefate. At tlio i’asa do Pujio^t £1>3> thero is a hum- 
mock *if (andesitic ?) grunite : and the strait £icaUo<i of the futrrou tid- 
ing mountains hen* change# fmm W. by 'tk lo 8.VV, Again, near tin; 
H. Vac;v> there a larger foniiatiott of (atidetMiic 7) granib? [M] 
which M^nds a nusU-^vurk of svlm Into the siiperineomlK^ni el,ty 
slate, and which hvcally throws eff tia strata, on one side to 
and on tli«' otler to S.l'h hut nut at a high angle: ai the junction, tlu 
clayslate is alien d into jhie-gruiued gmvtsioncc THU graftilic axi- 
ls iiu* rs?Hn«vl hy a gns n dik<\ whicdi I inenitoti, beoimie I dt» mi 
remtMSiher having ids«*where *kvo dikes in this lowtwi and bovr. 


intni^jive rm:k. From the IL Vacius to the plam of Uajjallata, th** 
valley runs N.E., so that 1 lave had to contract way seciion; it run? 
exclu-*ively through |Hirphyrittc rteks. A$ far na the Pa«« uf Janb, 
the tdavNtone conglomerau? foritiatioti^ in moffi parla highly 
jjliyritic, and crosscnl by numerous , dikes of gwHe«i«t<me-poq^^^ 
attains a gr€Mt thickne^ : there b abo niueb iwtr«iait<> pof|>hyry- 
From the Jaula to the plain, tlie atratificatioil h»i beew iw 
places ohiiterated, except near the tope of mttne of the mowniams ; 
and the meiamorphtc aoti<^n baa bocik exiremdy groai* In 
tlie nuinber and<>ulk of .tho intmaive maaoea of diflbratlly colour^ 
porphyries, tn^ted one into anolbor and intmootod by ^ 

truly extraordinary. I saw one moimtaSn of vrbi^ lKMrpb:p^y» 
from which two huge dikes, thinaing out, branehed 
an adjoining blackmt pornltyry* AnoibW biU of white pwp^/*/’ 
which had Dnmt tlironirh dani coloared iltraia. waa liaalf btlwded hy 


an aojotning hlacktah porpitYiry« 
which had burst through am co 
a purple, breociatod, and reeemen 


a gTmi dike, and both haviiur been utAeavfd and li^eeted W ^ 
mtnitc dome. Ono brick*ioa porphyry, wbldi idKW tbi 
forum an isolated mass in the mim of ihe poi^piiio 


in %iiv UIIU9S 

formation, ond lower down the Vidle 
inouiiUina, differ, remarkably ftrom 


«v«ixvya •awrve.r w-— 

« oUuK ** 
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ooHsidts of ft red feldepathio base, including some rather large crystals of 
red feldspar, numerous large angular grains of quart 2 J, and little bits 
of a soft ^eeu mineral answering in most of its characters to soap- 
stone. The crysflils of r^ feldspar resemble in external appearance 
those of orthite, though, from being partially decomposed, I was 
unable to measure them; and they certainly are quite unlike the 
variety, so abundantly met with in almost all the other rocks of this 
line of section, and which, wherever I tried it, cleaved like albite. 
This brick-red porphyry appears to have burst through all tiie other 
porphyries, and numerous red dikes traversing the neiglibouring 
mountains have proceeded from it : in some few places, however, it 
was intersected by white dikes. From this posteriority of intrusive 
origin, — from the close general resemblance between this red por- 
phyry and the red granite of the Portillo line, the only difference 
being that the > feldspar here is less perfectly granular, and that 
soapstone replaces the mica, which is there imperfect and passes into 
chl<Jrito, — and from the Portillo line a little southward of this point 
appearing to blend (according to Dr. Gillies) into the western ranges, 
— I am strongly urged to believe (as formerly remarked) that the 
grand mountain- masses composed of this brick -red porphyry belong 
to the same axis of injection with the granite of the Portillo line : 
if so, the injection of this porphyry probably took place, as long sub- 
sequently to the several axes of elevation in the gypseous formation 
near the Cumbre, as the injection of the Portillo granite has been 
shown to have been subsequent to the elevation of the gypseous 
strata composing the Peuquenes range; and this interval, wo have 
seen, must have been a very long one. 

The Plain of Uspallata has been briefly described in Chap. III.; it 
resembles the basin-plains of Chile; it is ten or fifteen miles wide, 
and is said to extend for 180 miles northward ; its surface is nearly 
6000 feet above the sea; it is composed, to a thickness of some hun- 
dred feet, of loosely aggregated, stratified shingle, which is prolonged 
with ft gently sloping surface up the valleys in the mountains on 
both sides. One section in this plain [[Z] is mterestiiig, from the 
unusual^ circumstance of alternating layers of almost loose red and 
white sand with lines of pebbles (from thejsize of a nut to that of an 
apple), and beds of gravel, being inclined at an aiS^le of 45®, and in 
some spots even at a higher angle. These beds are dislocated by 
small faults ; and are capped by a thick mass of horizontally stratified 
gravel, evidently of subaqueous origin. Having been accustomed to 
observe the irregularities of beds accumulated under currents, 1 feel 
sure that the inclination, here has not been thus produced. The 
pebbles consist chiefly of the brick-red porphyry just described and 
of white granite, both probably derived from •the ranges to the west, 
ftnd of alter^ clayslate and of certain porphyries, apparently be- 

• X find that Mr. Smith, of Jordanhill, has described (Edinburgh New Phil. 
JToum. vol. XXV. p. 39^) beds of send and gravel, near Ediuburgh, tilted at an 
anglt office, and dislocated by miniature faults. 

o 2 
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longing to tho Yockn at the UipnUnU ciuiiii. Thin fkh i)ai?Mnoiiilt 
g^o^phioollf with ili 0 vnllejr of Tenuynn bei«ioi»ii <ti 0 Portillo nod 
renquotioft rmigoii; but in tbni ytiihy the diifiglt^ wiiiidi likewi^o hn 
boon derived boili from the mtem and weilom* lanm^ haa been 
cemented into a bard conglomerate) and baa been tfkfou^otii tilted at 
a eonatderabie inclination : tlie gravel Uieie appMntly attaba a much 
greater tbickneaa) and k probably of higher antiquity. 


7'At* 6’>/W/rt/<i — Tlie road by the ViUa Vicenejo Pass 

does not strike directly aertasa the range, bwt mna for aome leaguea 
northward along itsi weeit'in baae; an<l I muat brkfly*deiiicribe the 
rocks here mat, before eotitimting with Uto coloured eaat and wc«t 
section. At the mouth of the valley of C'afioU, and at aemal points 
north wanls, there is an extensive foniiatiori of a gloasy and harsh, 
ami of a fehb|>athic clayslale, including ftirata of ft^uwackC) and 
having a torimmA, nearly vertical cleavage^ traveni^ by numerous 
nutAHiferouA veins atul others of rpiarir. IW clay slain b in ntony 
p^rtH eapp^l by a thkk of fragtimnia of tiic same rock, 

iinnly rectinentcd ; and both t^jpHber havo injected am! 

hr»»kvn up by very numertius httlocks, ranging nortl) and wmtii, 
uf lilac, white, «Urk and salmon -coloured [Wphy^rica 5 one itcep, now 
donudetl, hill^nrk of [l♦>rphyry l»ad its fatM? as diaturetly impreascel with 
the angl(^ of a fnigiiu nUry mass of the slate, with same of the 
points still remaining eiulMtldc*!, as Mealing* wax could be by a »e5tl» 
At the mouth of this same valley of (Vftoia, in a fine escarjuneul 
having the strata flipping from to u, Um N.K.,* tW clay- 
slate fonuaiion nc^ n to be t:overe<l by (1st), a pur|de da) stone 
porjilivry rc’sting unconformably in mnw. parts on Uie solid slaU% 
ami in f»thers •.»n a thick fragmentary mans ; (2d), a coiifonnablc 
stratmn f)f compact blackish rock, having a aplicrohUl ftfuciiirc, full 
of minute acicnhir crv<$tab of gUssy fddspar, with nad tpoU of oxide 
of iron: (.'hi), a great stratiiin of ptir|>!ialt*red clayatmie poridijrryj 
ahouridiiig with crystals of ojKiquc /ddspar, and lamifiatcu willi 
thin, parallel, e>ftcn short, laycm, and likcwtae with gtcal irregular 
patchy of white, earthy, aemi«crysUlline fekiaparf thm rock (which 
I noticed in other neigh^uring placoa) pcrfiictly fciOinblea a curious 
vanely descriWd at iVrt Desire, and occaiiionaHy occurs in khe 

C t |K>rphyritiff conglomerate fomiation of Chifet (ithX » 
lum (d grccnish.white, indurated tuff, fuaibhv M»d conUiiiiug 
brok^ crystal* and particle# of porphyrica : (5tti), a grind vim 
imperfectly columnar and divided into three juiraUid iltd wtdy joinci^ 
strata, of cream«colouro<l claystooe porphyry: (fitil), i thick 
stratum of Hlao-coloumd porphyry, which 1 cottU aeo was eajqicd 
by another b<,sl of the creairh-colonml variety i 1 was anahlo to cx^ 


•wiamii. **“♦’3' <»|>p««irt jwrfnt, tn8.w., «wttoij.wr» «>«' 

wwd (bn b«om^ ^»»p»»»nt» tr*nd loirord* mciS otfaw, Md. MM* .jtoilM*' 
eWbet* **'“"*3' i «bli k t fom of oltraUo. vU«dk 1 1*»* *** 
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amine the still higher parts of the escarpment. These conformably 
stratified porphyri^, though none are either vesicular or amygdalbidal, 
have evidently flow^ os submarine lavas : some of them are separated 
from each other seams of indurated tuff, w\dch, however, are 
quite insignificant in thickness compared with the porphyries. This 
whole pile resembles, but not very closely, some of the less brecciated 
parts of the great porl)hyritio conglomerate formation of Chile ; but 
it docs not probably belong to the same age, as the porphyries here 
rest iinconforraably on the altered feldspathic clayslate, whereas the 
porphyritic conglomerate fonnation alternates with and rests con- 
formably on it. These porphyries, moreover, with the exception of 
the one blactcish stratum, and of the one indurated, white tufaceous 
be<l, differ from the beds composing the Uspallata range in the line 
of the Villa Vicencio Pass. 


I will now ^vc, first, a sketch of the structure of the range, as 
reprewnted in the coloured section, and will then describe its compo- 
sition and interesting history. At its western foot, a hillock^ [[N] is 
seen to rise out of tlie plain, with its strata dipping at 70 to the 
west, fronted by strata [O] inclined at 45° to the east, thus forming 
a little north and south anticlinal axis. Some other little hilloc^ of 
similar composition, with their strata highly inclined, range . . 
and S.VV., obliquely to the main Uspallata line. The cau^ of these 
dislocations, which, though on a small scale, have been and 

complicated, is seen to lie in hummocks of lilac, purple, and red por- 
phyries, which have been injected in a liquefied state through ai^ 
into the underlying clayslate formation. Several dikes were expos^ 
here, but in no other part, that I saw, of this range. ® 

strata consist of black, white, greenish 
and as the intrusive porphynes are so bnghtly tinted, a 
ordinary view was presented, like a coloured geological arawuig. On 
tho geiitly inclined main western slope CPP], above ^6^25° 
clinal ridges just mentioned, the strata dip at an g 

to the wMt ; the inclination m some places being ov\y }0 , in some 
few others as much as 45». The masses having f 
nations are separated from each other by parallel vertical faults [as 
represented at Pa], often giving rise to >^parate, parallel, 
riices The summit of tno main rangft is bro^ and undiilatory, 
wiS the stratification undulatory and irregular: m a 
CTftmtio and porphyritic masses [Q] protrude, which, from 
Effect they have locally prodneed in deranging P^ 

sivncUiial ftxis, beyond which the strata are inclined at nearly 
SI wraewgK namely from 20* to 30», inwards or westward. Owing 
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mm0^ nf rm irmmtA Mm% vii. 

to iho antOYitii of dooudalicm which ihh dht^ hiM the out* 

Kfic of the fftoUy indliiiod m»Um fljwk the d%htaiit 

indicatiofi of ibis cfnchniU ijrw. Hie itmtifiod hid% ii^hicb wa biYo 
hiiberto followed arrow tlio raiigOt a lUilo farther^ down ait f«^ to 
lio^ 1 UdieTe niKtonfoTniably^ 00 a broad mo«ialah»oiii^t^^ dbjr* 
alato and granwarkc. The itialaand lambiw ol ihw ktltarfbrmaiiofi, 
on the exifomecaalwm flank, am gcneiaHf neailjrYOfliqd} fnrtdiieriii* 
wards ihrv become inclined from to 80^ to the wmAx near Villa 
Vk^^ncio [8} them is appaiaiiUy an antkUnal axii^ bnk tha itnteiiiro 
of this Ollier pari of ilm ctayalaio fnnnaiton ia iO otaMmia, that I 
hare not niarkeil tlm planea of atraitfication in itm cdioiiml aectioti. 
(>i) the margin of the Patxipaa, some low, mueh dhdoeeded spurs of 
ihh same formation, project in a north- ensteriy Hue, in the same 
ohlii|ne manner as do the ridges on Uie western fool, and as is so fre- 
queotly the case with tliosK^ at Ur' uf the main CordillenL 
I will now describe the natnre of the beds, luegintfing at the Ikiso 
on the eaHlem side. Fir^t, for the claydate formatim} ? the sU^ is 
gt nerally hard and Idnkh, with the lainime coSted bjr minuts mica* 
ccpiH ^cale^ : it aUenmtes many timea with a c^oalW^gmintd, greentdi 
grauwaoki\ eouUintug ronndtd fragmmU of quarta and bits of slate 
in a vilightly ciUcatitou^ ba^is. The slate in ilio upper part generally 
Ixpcoines ptirplkh, and the citrarage ««» irregular iliat tba whole con* 
»Ht«4 of men? s|diot<T». Transvitse reins of qnaria are nunwitoiH. 
At the Calcra, some lcii|;nrw there i$ a dark crystalline lime- 

stone, apparently mcludetl in this fortitalion. With too exception of 
the grauwacke being hcrt> more abuntUnt, nod the cUyslato Iw 
altercil, ihw formation closely ri^scinblrs Umt unooofomiably under- 
lying the porphyries at the western fm>t of this same range; and 
likewm^ that alternating with the {)Kkr|diyrii!c ecmglotiMuaio in the 
main i'ordillera. This f4>rmalton w a coitshlerahio one, and cxtemli 
s#?veral k^gnes sonthwanl to near MendirM : tha mountains cotn- 
pn-t^ti uf it ris»j to a height of about 2<KK) feet above ibe edge of iho 
l*;uiipa% or about 7000 fi^^ri aborc the sea*** 

8iconrlly : the most usual lied on Am dayslate is a coarat, white, 
slightly calcarcouB ooiiglomcrate, of no great ihtekneea, imdodiag 
broken erysuls of fcMspar, gratna of qua^ and numeitiui ptdibles 
of brecciated clay stone- porphyry, but witliont any pebMes of the 
underlying elaysli^. I newhere saw the actual joiieliou bctwreu 
this \>ci\ Jtnd the clayslatci though 1 spent a wbi^ day in endea- 
vouring U) discover thoir rotations. In some plaeea I diilincity mw 
the white conglomeralo and overtying beds inelkted at flrUm w 
to tlie we$ii, and at the bottom of tks same inoufllllitb Iha daydste 
and grauwackc inclined to the same point, but al an Ail]^U fSrom 70^ 
to 80^ : in one instance, tlie cbyalate dipp^ net Otdy ^ a dbibeni 
angle, but to a diflerent poini firom tlie ov^yfxm !« 

them* ca«c8 the two formations certainly appearett quite 
able : inonjover, I found in the olayslato one greOi VCttiual^ d^e** 

Mr ^ *^^»*^* Vic^iKiio, which was s#wtaiesd ky Uf* 

Mim to hit 632S fest lbs scs. » wm •v 



CffAP. Vn.] < SECTION OP TUB USPALLATA RANOB. 100 

like fissure, tilled up with an indurated whitlsJf tuff, quite simijAr 
to some of the upper beds presentiy to be described ; and this shows 
that the clayslate must have been consolidated and dislocated before 
their deposition. «On the other hand, the stratification of the slate 
and grauwacke,^ in some cases gradually and entirely disappeared in 
approaching the ove^ying white conglomerate; in other cases the 
stratification of the two formations became strictly conformable; 
and again in other cases, there was some tolerably well characterized 
clayslate lying above the conglomerate. The most probable conclu- 
sion appears to be, that after the clayslate formation had been dislo- 
cated and l^ted, but whilst under the sea, a fresh and more recent 
deposition of clayslate took place, on which the white conglomerate 
was conformably depositee^ with here and there a thin intercalated 
bed of clayslate. On this view the white conglomerates and the 
presently to be described tuffs and lavas are really unconfonnable to 
the main part of the clayslate ; and this, as we Iiave seen, certainly 
is Uie case with the claystone lavas in the valley of Cafiota, at the 
western and opposite base of the range. 

Tlrirdly : on the white conglomerate, strata several hundred feet in 
thickness are superimposed, varying much in nature in short dis- 
tances: the commonest variety is a white, much indurated tuff, 
sometimes slightly calcareous, with ferruginous spots and water-lines, 
often passing into whitish or purplish compact, fine-grained grit or 
sandstones; other varieties become semi-porccllanic, and tinted faint 
green or blue ; others pass into an indurated shale ; most of these 
varieties are easily fusible. 

Fourthly: a bed, about 100 feet thick, of a compact, partially 
columnar, pale-grey, fcldspathic lava, stained with iron, including 
very numerous crystals of opaque feldspar, and with some crystallized 
and disseminated calcareous matter. The tufaceous stratum on which 
this feldspathic lava rests is much hardened, stained purple, and 
has a sphcrico-concrctionary structure ; it here contains a good many 
pebbles of claystone-jporphyry. 

Fifthly : thin beds, 400 fobt in tliickness, varying much in nature, 
consisting of white and ferruginous tuffs, in some parts having a con- 
cretionary structure, in others containing rouiufed grains a few 
pebbles of quartz ; also passing into hard- gritstones and into greenish 
mudstones: there is, also, much of a bluish-gsay and green semi- 
porcollanic stone* ' 

Sixthly: a volcanic stratum, 250 feet in thickness, of so varying a 
nature that I do not believe a score of specimens would show all the 
varieties; much is highly amygdaloidal, much compact; there are 

♦ The coarse, medionical structure of many grauwackes has always appeared to 
me a difilculty J for the textile of the associated clayslate, and the nature of the 
embedded organic remolds where present, indicate that the whole haa been a deep- 
water deposit. Whence have the sorhetimes included angular fragments of clajr- 
slate, and the rounded masses of quarts and other rocks, been derived J Mony 
deep-water lirocatonea, h is well known, have been brecciated, and then firmly re- 
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itme ^MestihttleA ttutmghMii timn. ^ Sorm mf tihi tiAi •acliiUt » 
•iiigukt coBcretioaaarjr Mnngeinentt with th« tmrrit detetiiiiiiMl hy 
Uie luMM of fiacura. Tlusm tun nuiy v«im of agaio and ddnaMnom 
•pu» and taaumerablo oaea of iron and odiw ii|«4ah( wliieb havo 
bWkoBcd and earioualjr adeetad tlw <rtrato to MMidtnbb diatano« 
on both ii4ooa 

Binoy of Umoo iafincoofin b«di mamUci^ will/ tho 0JM{>li0ii of briiig 
more iodumted,, the upper bodbi of the gMl Phtogonm toftfiry for- 
eopeoially thooo varioimly oolomed bytit high wp tbo titer 
SmU Cni% and in a remarkable <k^pree the lufiMDeotta fimmUion at 
life northern end of Cbiloe. I waa so miidi iittiek ^th thia ro- 
aeinblaitce, that I paitaetitariy looked out for Witkifiea wood^ and 
found it under ilie folio wine exiraordinary Bi^ up 

on thia weatem flank,* at a height eatimated at fool idmve the 
ic^ in a broken eacarpment of Siin atrata, compo^ of eomnaot green 
grtiatcino paietng into a Atie mudalone, and altemalSiig with layers 
iif coaraen browoiali, tery heaty mudaione inekding broken cry^ls 
and {>artkiea of rock almost blended togeiher/l eouied the stumps 
of fifty-two ireca. Tl^ey projected between two and fire feet above 
the ground, and stood at exactly right atigka to the iMirata, which 
wea> here inclined at an angle of al^ui 25"^ to llin weat. Eleven of 
the«e trees were silidfied and well pieauTved : Mr* R, Brown tiaa been 
so klutl as to examine the wootl wlien alteed and polished ; he sap 
it is coniferous, partaking of the ebameters of Iho Ajancaiian Itibe, 
with some curious |»f>inU of affinity wit^ the Yew, The bark 
round the trunks rnurtt liavc Wn circularly furrowed with irregular 
linc^ for the mudstone round them is Xhm ptaifily iiiarked» One 
c;i^t comiste^l of dark argillacenua liiiiciirioiiu ; and forty of them 
of c^arsM’Jy crystaJli/eil carixmnto of lime, witli caviiieii lined by 
cinartz crystak: these latter white cateareoua columne do notieiaiu 
any inicnjal fitructure, but their external form pWnly sbowi their 
origin. All the sium{)s liave nearly the same diamettr* wurying from 
one f<K)t to eigtite<m inches ; tome of Uicm aland within n y*tnl of 
i‘a*'h other ; they arc groiifMjd in a elump wilbin a ifMiee of about 
sixty yank acrtj«», with a fow acaitored round at the dillaneeof 150 
yar(h. They all staftd at aWnii the same levcL Tlie longest stump 
Bioin\ Miven h^t out of Uw tground : the roots^ if they am stIB pn^ 
Mrved, are buricd^id concealed^ No one layer of the 
a|>]»earc<l much d£ker than the oiliorsv as if ii bad fondly existed 
as m \\ ; nor could this be ex|>ecterh for the sanift ii|pmla whkth ft- 
placed with mhx and lime the wt>od of ilia ircea, waUM IMdumBy 
have rentoved all vegetable matter from the mM* the flfty* 

two upright trccs^ there were a fow fmgmefits, likt lodkiu 


V For tbs infonastien of sny fotsrs I iril dtiertht the ipel fo dsWih 

I*foc««aiiig eastward from the Afua M Xof ro* ttid nawwwds tssvbl^ Iks iw^h 
sids of the rosd s rsoebo s|fsch«rd to some M soM-wiaai, wmwiis s 

ffoUy with low hut stoop roeU on osch Jitiml ; iho mA md the ssc«t 

Womw steopsr. A fow hondrod ysrds forthot on, n stosevS^ «fi the wfk 
side of the rood, tho white cslcsf<M>us stumos wov SAOi Is shout 

half 0 mile esst of iho Agus dhl Zotn, ^ h#.sisa. Tie Sphl W 
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horizontally etnbcdded. The 'surrounding strata are crossed by veins 
of carbonate of lime, agate, and oxide of iron ; and a poor gold vein 
has been worked not far from the trees. 

The green and Jbrown mudstone beds including the trees, are con- 
formably covered by much indurated, compact, white or ferruginous 
tuifa, which pass upwards into a fine-grained, purplish sedimentary 
rock: these strata, ^hich, together, are from 400 to 500 feet in 
thickness, rest on a thick bed of sub-marine lava, and are conform- 
ably covered by another great mass of fine-grained basalt,* which 
I estimated at 1,000 feet in thickness, and which probably has been 
formed by ^ore than one stream. Above this mass I could clearly 
distinguish five conformable alternations, each several hundred feet' 
in thickness, of stratified sedimentary rocks and lavas, such as have 
been previously described. Certainly the upright trees have been 
buried under several thousand feet in thickness of matter, accumu- 
lated under the sea. As the trees obviously must once have grown 
on jjry land, what an enormous amount of subsidence is thus indi- 
cated ! Neverthelessi, had it not been for the trees, there was no 
appearance which would have led any one even to have conjectured 
that these strata had subsided. As the land, moreover, on which 
the trees grew, is formed of subaqueous dej) 08 its, of nearly if not 
quite equal thickness with the superincumbent strata, and as these 
deposits are regularly stratified and fine-grained, not like the matter 
thrown up on a sea-beach, a previous upward movement, aided no 
doubt by the great accumulation of lavas and sediment, is also 
indicated.t 


In nearly the middle of the range, there arc some hills [QJ, before 
alluded to, formed of a kind of granite, externally resembling andesite, 
and consisting of a white, imperfectly granular, feldspathic basis, 

V This rock is quite black, and fuses into a black tead, attracted strongly by 
the magnet; it breaks with a conchoidal fracture; the included crystals of 
are disbnguishable by the naked eye, but are not perfect enough to be measured : 

there are many minute acicular crystals of glassy feldspar. 

t At 6tst 1 imagined, that tlie strata with the trees might have been accumu- 
latid ia a lake : but this seems highly improbable ; for, 6rst, a very deep 
necessary to receive the matter below the trees, then it must have been drained for 
their growth, and afterwards re-formed and madp profoundly deep, so as to 

a subSquent accumulation of matier seoeral tho^sand ^ ^ 

Uiit must have taken place necessarily before the formaUoifbf the ^^®P*J'*** 

H ^erefore on the margin of the vride level expanse of the Pampas Hence I 

SSS™ fhe M» • Mdlhis show* that the range was either upboaved from under 

Sr;- ^ rl; 

ureas imving _ Malcolmson assured me, that he once met m 

^TinS^S X •V'*’ r*'"* 

iiwiug to roots being loaded with earth. 
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indoding wm pitfeci cfjrtUb ipptrenU}^ of I Wift tmAU 

to niMMio them), Oioeh Uiek mie% epidohi tti eeiiiS| Aod tety little 
or tto qiiarls. NumorooB itnmU iretmi bimoh from tiik mk mto the 
BarToanding fltmta ; end it ia e iitigular fimi thel IJieBe veioi, t)ioii(A 
compoeed of the eeine kind of fddir)Mir and eii^l Bcelee of mioe ee In 
the aolid rock, abound with innumonibte tntnuUi nmmtBii graiiui of 
quarte : in Uie retiiB or dikes, alao, branebbg ftom ilie great gnutitic 
axis in the peoinBula of Tree Montoe, 1 obeereid tb^ quarta wae more 
aliiuidani in iheui than in the main rock : 1 have beard of other analo* 
goiis : can we accooni for Ihia fact, by tbo long^cotiiiiiiied vU- 
ctdity of quart** when cooling, and by ita havtiijg beeq thoa more 
ca»iiv trucked into 6«»urtw than the other constituent niinmla of 
granite* Tlie strata encaaitig the flanks of ibeee granitic or andiaitio 
masses, and fonning a tliica cap on one of their nutiimita, appear 
uriiniially to liave bw^n of the tmm tufacoous nature with the beds 
already descfilnHl, hut they are now changed into |)orcdlaiitc, jatpery, 
and crystalline rocks, and into others of a white colour with a nprsh 
textims and having a siliceous though leallyof a feldspailik 

nature and fusible, Iloth the granitic intfudve masBieB and the en- 
casing strata, are pnu^ratcil by innumerable nietaUic veins, tiiojstly 
fiTTugimnis and auriferous, but some containing copper* |iyrit4DS and a 
few' silver: near the veiiia, the nicks are hiicJteni^ as if bksUd by 
gmijK»wder. Tlie strata are only slightly dislocated close round 
these hills, and hence, perlia]vi«, it may l>c inferred that Uie graniti 
masses form only the proj«Mrti»g |>«>iuU of a broad coiitinuous axis* 
dome, w Inch has given to the upfiet parU of this range its anticlinal 
t net lire, 

V^jnclurlin^ Remark* oft UfpaU^U^t -I will not attempt 

Ui cHtimate Uie t*>tal thieknesw of the pile of nirata forming this range, 
but it must ainoiint to many thousand fei^t* Tlio sedimentary and 
tufaa.>ous beds liave tliroughout a getural aiiiitbriiy, tliougli with 
infinite variations. The submarine lavas in Uto lowinr part of tl^ 
?«i'rit‘s arc mostly ftidapalhic, whilst in the upper pari, on Uio Bumniii 
and w t^siem flank, they are mostly basaltic. We art Iboa reminded 
of the relative ptmiiion in most recent volcanic dufltfleta erf tlie 
chyiic and basalttc lavas, — ttic latter from tlieir grealct weij^t baring 
sunk to a lower Icj^^l in tlaj earth's erosi, and having oaawwqucotly 
bvii enipkd at a later period over the lighter and upper lavaa of iha 
irarhyiic series, f Itoih tlie bavaitic and feldiqialhia iubmiiriwc 
streams are very compact; none being vesieular^ and only e 
amygdaloidal ; the elfvcts which some of them, cepmAlty timie low in 
the have prixiuced on tlie tufaceoui beii over wbWk th«y bavo 
flowed is highly curious. Independctitly ot iliti fooal lliei^u»pl»J 
aciiori, all the strata undoubtedly display an indurated and alt^^ 
characu r ; and all the ibeks of ibia moge^the lava% Ihe nltemsting 

. ! EUf d* Brsemmiu 8e«, FbUeaistlr. Mi^, IM® 

•unit, 18,19, p. UH). “ 

t VoksDic ItUoUs, by tb« Astlwf, p. U7. 
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sediments^ the intrusive granite and porphyries^ and the underlying 
clayalate^are intersected by metalliferous veins? The lava-strata 
can often be seen extending for great distances, conformably with the 
under and over lying beds ; and it was obvious that they thickened 
towards the west. Hence the points of eruption must have been 
situated westward of present range, in the direction of the main 
Cordillera : as, however, the flanks of the Cordillera are entirely com- 
posed of various porphyries, chiefly clay stone and greenstone, some 
intrusive, and others belonging to the porphyritic conglomerate for- 
mation, but all quite unlike these submarine lava-streams, we must 
in all probability look to the plain of Uspallata, for the now deeply 
buried points of eruption. 

Comparing our section of the Uspallata range with that of the 
Cumbre, we see, with the exception of the underlying clayslate, 
and perhaps of ibe intrusive rocks of the axes, a striking dissimilarity 
in the strata composing them. The great porphyritic conglomerate for- 
mation has not extended as far as this range ; nor have we here any 
of the gypseous strata, the magnesian and other limestones, the red 
sandstones, the siliceous beds with pebbles of quartz, and compa- 
ratively little of the conglomerates, all of which form such vast 
masses over the basal series in the main Cordillera. On the other 
hand, in the Cordillera, we do not find those endless varieties of in- 
durated tufFs, with their numerous veins and concretionary arrange- 
ment, and those grit and mud stones, and singular semi-porcellanic 
rocks, so abundant in the Uspallata range. The submarine lavas, 
also, differ considerably; the feldspatbic streams of the Cordillera 
contain much mica, which is absent in those of the Uspallata range : 
in this latter range we have seen on how grand a scale, basaltic lava 
has been poured forth, of which there is not a trace in the Cordillera. 
Tins dissimilarity is tlie more striking, considering that th^ two 
parallel chains are separated by a plain only between ten and fifteen 
iniles in width ; and that the Uspallato lavas, as well as no doubt 
the alternating tufaceous beds, have proceeded from the west, from 
points apparently between tlie two ranges. To imagine that th^ 
two piles of strata were contemporaneously deposited m two cicely 
adioining, very deep, submarine areas, separated from each other by a 
lofty ridge, where a plain now extends, ‘would be a gratuitous hypo- 
thesis. And had they been conteraportineousl^ deposi^, without 
any such dividing ridge, surely some of the gypseous and other s^- 
inentary matter forming such immensely thick masses in the Cor- 
dillera,^ would have extended this short distance eastwards ; and 
stirolv some of the Uspallata tufis and basalts also accumulated to so 
oreat a thickness, would have extended a little westward. Hence 1 
c^lude, that it is fiir *'hioro probable that th^ two senes ate not 
contemporaneous; but that the strata of "S® 

Sd. and even the chain itself «pl liSfore the formaUon of the 
other:— which chain, tlien, is the oldest? Considenng that m tiie 
Uspa^ta ra^ the lowest strata on t^ western flank lie unconform- 
ably on tfio clayslate, as probably is the case with those on the 
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cosctmt^im HMMJknm an tm [mAt. nt, 

m$Um Auik, wlmcts in tho Cordillein M tkn «tii^ Ik 

confoimitiUy on thb IbnnAiion tltftt in 

iniiga some of iUe l>alh low down turn bi||^ tip in tha aaiiwi, 
lore marked with ve^^table iiiipiejMiiofie^ ^ ebowMig ibe eantinued 
exkieftca of weigikbotiruig land ;'---^viiaidefiiig tbe rioae geiieirfi] fe« 
sembittuee between the deposits of thia and llm«e of teitmry 

origia in ifoveral jiartti of the continetit ;-^niialaiinly» eannideriun 
the It^^iiSer height and outlying jwitkm of the Ua{mUft^ nuige^<^l 
eonclude llial the altau com[K»«i«g it are iti all prababUiiy o? aub- 
se<}ucat origin, and tl>ai U»wy were accumulated ai a period when 
a <h»fp sea stuihied wiUi ♦mbiuariiH? vulcunoa waidied tlm^eattcrn base 
of the already partially elctrateil <lV>rdilh ra, 

Thk conclusion Ib of nnicli i«ip«>rtaitciv for we have iwseti Unit in 
the <l\ rdi!Wrii^ during the de|>«Mttioii of the ncoCMiutaii atmta* Ukj 
bed of the sea tnu 4 t have ^ub^ded many tlioui»aud (ixt: we now 
learn that at a later period au adjoitiing am fini rcceivid a gnat 
accumulation of «»trata, and waa it plica ved into, land on which c^jni- 
feroiin tree:^ grew, and that thift area Unm auljiaided siovciiil tiiOiUKiod 
feet to receive the im|Hyrificuml)cnt ^^tibniarinc strata, afterwards being 
broken up, denmkd, and tlevalotl in tuasi to ita pre^iit height, 1 
am Sftrcngtheiied in this couclusion of thefts having hixn two dtstinet, 
great {>en<ds of iiab^klcuce, by rtdlccting on the tnierk tnaaa of mnje 
atratihed <M»^lt>nHrratc in the valley of Temi)mi, bctwmi the Pi;u- 
queites and Portillo Uneai ; for tho accuijiulation of tliit tiiafia «eeiiw to 
me, as previously remarketl, almost iRHS-^wirily to have reijuired a pro- 
longed subsiilenev ; and tiiis subwdcticc, from the {?ebblcs in the con- 
gloineniiu having Ixicn to a gnat txteiii derived from tho gypseous or 
neoemuian strata of the rcmpumcaltuc, wo know uniat liaru been quite 
distinct from, and nubscspient to, that sinking fimvauient which pro- 
bably accompanied tho depwition of ilw Pottquefiosf aUaia^ and which 
certainly accompanied the dep<>siih>n of tbo ei|uivalcnt bc^ noat the 
Puente del Inca, in thk lino of section. 

The Uspallata chain coirosponda hi geograpliical }>CMnlsoii| ilioiigh 
on a small scale, with the Poitillo line ; awl ita tUpikUs formation 
is probably the cquivalofit of the mica*»eht«t of tho PoiliUo» there 
nielamornhoited by the old wbtia gfaniUw and syeniiee* Tbo ooloua^d 
beds under the conglomcfiite in the valley of Tcarnyati^ of which 
traces are seen on tite onwl df the Portillo, and even the oeSdgloiiiorate 
itself, may |)crhans he synebrofioua wiUi the infiua^omt bedi imd sub- 
marine lavas of the Usp^ata range t ait open sea and 
in the latter case, and a confined ebatiuel between two bordering 
chains of islets in tire former case, having boen mffieient tn leommi for 
the mmeraiogicat dissimilaniy of the tiyo series* From eoiveapon- 
dence l^twcen the tlspailata and Poftiihi m»gm, pefhafail|ji^oalloee^ 
tainly in geographical portion, one is temptoa to etmd^ the otie 
y the prolongation of tlie other ; but their anei are limed of tolsHy 
different iutrusivo rocks ; and wo have itiunid the appi^^ ecwhltaua- 
iion of the red mnite of the Portillo iU tlie led pofpMite 
into tho main Cordillera. Whether the axis erf the tfsfNdlata lange 
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was injected Ibefore, or, as perhaps is more probable, after that of the 
Portillo line, I will not pretend to decide ; but it^is well to remember 
that the highly inclined lava-streams on the eastern flank of the 
Portillo lino, prov-i that its angular upheavement was not a single 
and sudden event; and therefore that the anticlinal elevation of the Us- 
pallata range may ha^ been contemporaneous with some of the later 
angular movements, by which the gigantic Portillo range gained its 
present height above the adjoining plain. 
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Sfchm /hm liUf'ti to OimhorUk; u^itk iihrijini mod--- 

P^muMCiito - Q)\(vnmJ^Q . ; *tethn tmUtf : 

--Vopi^pa utKtvm t^iiUy ^ Ims Amoimatt siUct/itti mod, 
C^Hfj{jmgrott$, mkr* formtt Imd^ fmnU, ikicinMt ttmto, gff^i mb*i^ 
dtHC^ — VnHf^nflktpo^kdoy fomU, t^fmf<^Mt dfpmU, amphcAitd duloctu 
Iwiu htiwftn ancimt cri/irif r^f trifptwn itmi asfi qf 

Prrit, /*mU» o/^ wtnj— 

wury on tK* Porph^ntir Cffnj^h>mtr4if itnd 
tidmct ^tt(^ p^irttai tUrnft'u^t i/wnny thf 

md $(ructnrf of the (^rdiUtrn - fW^f ttulaik/n on the Ttrit^ry 
HnH—lUUtwu hftwim notf-menti of ynhtkdemrt due/ x^dennit action- Pam- 
ptixn format toH --- ftermi tierotorff movement -continued ipotconie action 
tJi the Cordtikra-^Co*iciu4ion. 


Val/xtraim to Oyjuimho . — I have already dei^wriM th<J g<*»/^ral 
natunt of ibc rock^ in tii** low country north of Valparawo, cowi^i.4- 
injj of ^oraniU% M * and alicrcvl feld4|>ftthic clay- 

!sbu\ Nearer Cn<]hiinlM> tiuTc b nuich horuldendic rock and various 
dU4*ky-odoun'd porphyfio:^. I will de^rifxy only otio section in ttib 
di**trlct, naualy, from near lllapel in a N.K. line to the mine® of 1^ 
IIurnoH, aiui tlicncc in a north by mt direction to Combaibali, at iitc 
b>ot of iho rnain ( Nirdilleia, 

Near llia()c!, after pa^iing for some diatanco ovet granite, aiulcsitc^ 
and ttnd♦^^itic porphyry, we come to a grcenhdi etratifictl ffUUjiatbic 
rock, %vhicli I iKjlicve h rvltercd dayaimit\ confommbly cap|><d hy 
porjdiyrioi and porj^liyriiic ,c<i«glomeniio c»f great Uiicknc^ dippii^g 
at an averaj;e angle of 20^ to N.E. by N. Tim «ppemO!&t IhhIs 
rofnirtt of conglinnc ratios and sandstone only a little niciamorpbtwl, 
and conformably covered by a Gyp^scoua formation of very great 
thickin.'«i4, but riiucli dcnudcii^ This gypseous fommtion^ where fioJt 
rnrt with, lies in a bn^ad valley or baiiin, a little aouthwanl of the 
mincrt of I^s Homos : the lower half alonaoooiaina gypsnrn, in 
great inasaca aa in the Cordillera, bnt iti timufiierame thin Uyer«, 
Hcldom more than an inch or two in ihiekiieii* Tim gyF'**^* H 
cither opaejne or transparent, and is aaaooiaied with otirbonate of 
lime, ilio layers alternate witti nuinartHii taryiug|*ff>oi of a cal- 
careous clay-^shale (with strong aluminoiii odour, adWlog *o 
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tongue, eiWily fusible into a pale green glassj, more or less in- 
durated, cither earthy and cream-coloured, or greenish and hard. 
The more indurated varieties have a compact, homogeneous almost 
crystalline fracture; and contain granules of crystallized oxide of iron. 
Some of the varieties almost resemble hone stones. There is also a 
little black, hardly fuiilble, siliceo-calcareous clayslate, like some of 
the varieties alternating with gypspm on the Peuquenes range. 

The upper half of this gypseous formation is mainly formed of 
the same calcareous clay-shale rock, but without any gypsum, and 
varying extremely in nature : it passes from a soft, coarse, earthy, 
ferruginous State, including particles of quartz, into compact clay- 
stones with crystallized oxide of iron, — into porcellanic layers, alter- 
nating with seams of calcareous matter, — and into green porcelain- 
jasper excessively hard, hut easily fusible. Strata of this nature 
alternate with nfutrh black and brown siliceo-calcareous slate, remark- 
able from the wonderful luiinber of huge embedded logs of silicified 
wodfl. This wood, ac^^ording to Mr. R. Brown, is (judging from 
several specimens) all coniferous. Some of the layers of tlie black 
siliceous slate contained irregular angular fragments of imperfect 
])itchstone, which I believe, as in the Uspallata range, has originated 
in a metamorphic process. There was one bed of a marly tufa- 
ccous nature, and of little specific gravity. Veins of agate and cal- 
careous spar are numerous. The whole of this gypseous formation, 
especially the upper half, has been injected, metamorphosed, and 
locally contorted by numerous hillocks of intrusive porphyries, 
crowded together in an extraordinary manner. These hillocks con- 
sist of purple clays tone and of various other porphyries, and of 
mucli wliite feldspathic greenstone passing into andesite; this lat- 
ter variety included in one case crystals of orthitic and albitic feld- 
spar touching each other, and others of hornblende, chlorite, and epi- 
dote. The strata surrounding these intrusive hillocks at the mines of 
i^os Hornos, arc intersected by many veins of copper-pyrites, asso- 
ciated with much micaceous i»on-ore, and by some of gold : in the 
neighbourhood of these veins the rocks are blackened and much 
altered. The gypsum near the intrusive massa? is always opaque. 
One of these hillocks of porphyry was gapped by some stratified 
porphyritic conglomerate, which must have been^brought up from 
below, through the whole immense thickness of the overlying gyp- 
seous formation. The lower beds of the gypseous formation resemble 
the corresponding and probably contemporaneous strata of the main 
Cordillera ; whilst the upper beds in several respects resemble those 
of the Uspallata chain, and possibly may be contemporaneous with 
them ; for I have endeavoured to show that the Uspallata beds were 
accumulated subsequently to the gypseous or neocoiuian formations of 
the Cordillera. 

This pile of strata dips at an angle of about 20® to N.E. by N., 
close up to the y?ry foot of the Cuesta do Los Hornos, a crooked 
range of mountains formed of intrusive rocks of the same nature 
with the above described hillocks. Only in one or two places, on 

p 
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tlim «Diiih-«asleni »)d« of ihfo rango^ f ootkod a narrow fringe of the 
u))}>er gypeeocts strain Unisbod up awl iiioUiHjd eonUi^^iwarcl from 
it. On tU nortli-eesUTn flank, and Hkcwiae on a few of tiie minmita, 
Uio #tratifiod p>q>liyr5tio conglomerate i« iucKimhI* NtE«: so that, if 
we «lisregard im very narrow anitoiiiial friiijp of gypmma airata at 
\Ui 8.E. Joot^ thtT« range forma a sHwml uniaEiial axia of elevation. 
Prt^iV'^ling in a north by cast direciion to i\w village of Combarbala, 
wv come to a third eiw5Jiq>uieiit of the j^<>r|>byritic conglomerate, dip- 

? ii>g ea?ii%vard^ and fimoing the c»uU*r range of llio main Cordillera. 

be lower were hero nion? ja»|K»ry iban usual, and they in- 

rinded fioriu} wliito cherty strata and red aandstomm, alternating 
with puqde claystonc |>«iq>hyry. Higher tin in the CordiUora there 
opjH'artHi to Ijc a line of andesitic rock#; aixi beyond them, a fourth 
escarprnetki of the |W|>hvrilic coiigloiticrate, aspiin dipping eastwards 
*>r inwanin. The overlying gypscoa.# ir they mat exUioil hero, 

have been entirely remov<^!. 

4 

— From i.’ombarlmla to Corjuitidx), 1 
traversed llm conritry in a zig-xag dinwiion, cr^Msitig and iwnmiuji 
the iHirphyrilie coiiglomersite* and limiiiig in the granitic district# «i« 
uiniHurd tiutnher of tnounUin**mw^>» ounpoued of vartoos intrusive, 
]v>r|»hyrtiic ro<*k#, many of them andosilie. One common variety 
was grvcnish-bbck^ with large crystal# of blat^kiali albite. At Famin- 
cillo a •*hort N. N,VV\ and S.S.H. ridgev with a nticloua fotiucil of 
gre<>n-t<*ne and of a ^!;»te-coh*im?<l porphyry including crysUb of 
ghissy feldspar, d<’^ervt'^ notice^ from the very mngiiiar nature of the 
ahnost vertical ftraU composing it. Theiic consist chkfly of a liner 
or eoars^’r granular njixt«r«% not very conqmct, of white carbonate of 
lime, of protoxide of iron and of yidlowisli gameia (aacertained l»y 
Prof, .\lillcr). each grain Wing an almos^t |)crf<'et cryaial. Some »f 
tho vftrietie# consist exelu#itcfy of granulej* of the calcareous »p5U^ I 
rkrel !4^»me contain grain# of copjier otc^ and, I liclieve, of quarU. 
i'fMW strata altcniate with a bUtisk, comfu^ fttaiWo fcldspthic 
roik. Much of the above granular mixture haa, abn, a pscudo- 
br«^ciaU d stnictun?: in which fragincnta aia obaciufely arrangi^d in 
pbrur# parallel u* tlioA^? o( tjie airaliflcaiion, and are contpicuous on the 
weatherf d wiirfac^y. TUg fmgniintte are angular or tounda^U 
or large, and consist of bluish or reddim eompaei fddspailne 
matter, in wliich a few actcttlar cryiiljUji of felArpar can aometimt^ 
l>e <vrt n. The fragments often blend at their edgea loio the auitound- 
ing granular maws, and w?em due to a kiiwl of coneietioiiar^ action. 
7*ht^ singular rocks arc iravereod by many copner vetmh and «p‘ 
to rest conformably on a grawtilar f^iixture (in pari* a« wi^^' 
gfftiuKl a# a saiuUione) of quarU, mka, hoiwbteu^ and fold<^r*^j 
and this on fiiic-grairfM common gncisa; and ihta un a 
mas#, cofupojwrd of pinkish mHhkk feldspar, mdittditig a few »|?c«ks 
of hornhhsndf? ; and lastly, ibis m granite, whic)f| togeihcr with aftde- 
mtic rocks, form the surrottudiiig d^trioi* 
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Coquimho; Mining District of Arqueros.— At ^oquimbo the por- 
phyritic conglomerate formation approaches nearer to the Pacific, 
than in any other part of Chile visited by me, being separated from 
the coast by a tra6t only a few miles broad of the usual plutonic 
rocks, witli the addition of a porphyry having a red euritic base. 
In preceding to the ipincs of Arqueros, tlio strata of porphyritic 
conglomerate are at first nearly horizontal, an unusual circumstance, 
and afterwards they dip gently to S.S.E, After having ascended to 
a considerable height, we come to an undulatory district in vrhicfi 
tlie famous silver mines are situated : my examination was chiefly 
confined to timse of S. Rosa. Most of the rocks in this district arc 
stratifieil, dipping in various directions, and many of them are of so 
singnlar a nature, that at the risk of being tedious I must briefly de- 
scribe them. The commonest variety is a dull-red, compact, finely- 
brecciated stone, containing much iron and innumerable white crys- 
tallized particles of carbonate of lime and minute extraneous frag- 
inentS.*^ Another variety is almost equally common near S. Rosa ; 
it has a bright green, scanty basis, including distinct crystals and 
patches of white carbonate of lime, and grains of red, semi- micaceous 
oxide of iron : in parts the basis becomes dark green, and assumes an 
obscure crystalline arrangement, and occasionally in parts it becomes 
soft and slightly translucent like soapstone. These red and green rocks 
are often quite distinct, and often pass into each other ; the passage 
l>cing 8ometinK‘S affected by a fine brecciated structure, particles of 
tlio red and green matter being mingled together. Some of the 
varieties appear gradually to become porphyritic with feldspar ; and 
all of them are easily fusible into pale or dark-coloured beads, strongly 
attracted by the magnet. I should perhaps have mistaken several of 
these stratified rocks for submarine lavas, like some of tliose described 
at tlie Puente del Inca, had I not examined a few leagues eastward of 
this point, a fine series of analogous but less metamorphosed, sedi- 
mentary beds belonging to the gypseous formation, and probably 
derived from a volcanic source.* 

This formation is intersected by numerous metalliferous veins, 
running, though irregularly, N.W. and S.E., and generally at right 
angles to the many dikes. The veins consist of native silver, of 
muriate of silver, an amalgam of silver, cobalt, antiqjpny, and arsenic,* 
generally embedded in sulphate of barytes. I was assured by 
Mr. Lambert, that native copper without a trace of silver has been 
found in the same vein with native silver without a trace of copper. 
At the mines of Aristeds, the silver veins are said to be unproductive as 
soon as they pass into the green strata, whereas at S. Rosa, only two 
or three miles distant, the< reverse happens; and at the time of my 
visit, the miners were working through a red stratum, in the hopes 
of the vein becoming productive in the underlying green sedi- 
mentary mass. I have a specimen of one of those green rocks, 


♦ See the Report on 
Rendue, t. xiv. p. 5fi0. 


M. Domeyko's account of these mines, in the Comptes 
P 2 
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with tli« w^niil j:rr^nuk>» of white ealcarNitm nfmr und mi oiride of 
iron^ fttniundinj:^ wuh dissemiiiateil }miiicle« of gtitterin|!r »Aitvf> and 
muriate of hilver, yet taken at the dbUnce of one yard from any 
vein, — a eircuni^iatict% aa I wal^ jUMSureil, of very fitro «>C!Ctirr<mee. 


<S^iTtwH up the> miUp of f — After paaiing fora 

few mi\i^ over the coaHi f^anitic we come to the p^iirphyritic 

c*»ii;^l»meratc\ with lU usual characters, and with some of the hcdyi 
dUtiiJctly dU|>laying^ their iiu*cl>tttiical ori^tm The r^irata, wliere first 
im t with, an*, as lH?fore siatixh only slightly inclined ; hut near the 
llaciemhi of Pluclart), we come to an anticlinal aai«, with the Ksb 
much di^'lovat^ni and shifted hy a great faulty of which not a trace is 
cxtcnially ^ w in the outline of tin hill I Kdieve that this anti- 
eliual axis can ha trae^si northwards, into the district of Arqin r<>s, 
where a conspicuous hill called tViT»> Hlanco, fomted of a hanih, 
coant-cvdoured curitic r»K:k, including a few cry*aiaU of rcNldtsh fcld- 
sjar, and associalctl witli some purplish claTslotie porydiyry, 
tu fall on a line of elevatiun. In dem^tnhng from the An|uero^ 
district, I crv.4.*Hd «»n the nothern Ininler of the vallev, ntnita incline#! 
fiiHward frtnn tho IMuclaro axis : on tin? poqdiyntic conglomcraU* 
there rx'^xM a mass, some hundrctl fcTt thick, of brown argillaceous 
lintfstone, in parts cryntalliue, and in pnrtfi almotit cornp^wd of 
HlppHnU» i 'hih ttsin d’Orbig. ; alM>ve this came a black calcareous 
shale, and on it a red cottglomerate. In the hrow*n liiiie^rtone, with 
the ilippuritcs, then' was an tmpres’^ion u( a Pectcu and a coral, ami 
great nuinhcr^ »*f a large (iryjdiaa, very like, and, according to Prof. 
K, l ufbes, probably identical with, (/, ^runtaiU^ Forbes 
cn"tace«uH sjHiiC’- (probably tlp{^T gn'cn-^nd) from Verdacbeihun, in 
M>utlicrn India. Tlu'Sf' f««>uU S4sr*tii to occupy nearly the* same 
pivyition wiili tliose at the Puente del Inca, — namely, at the top 
of the |Kirphyritic conglomerate, and at the base of the gypseous 
formation. 

A little above the Hacienda of PJiiclaro, I made a dcUmr on tlie 
northern side of the valley, to examine the attpeftnevutbelti gypseous 
strata, v\hich I esthnated at f?,f)00 feet in thicknm* The upficnnost 
♦>4-dH of the por]diyritic conglomerate, on which the strata 

confonnably rcy^aro variously colouml, with om vf*fy aingub^i' 
b<jautiful stratum rompie'cd u( piirjde jwbblim of varioiw kiuds of 
jM>rpbyry, embedded in white calcaretiua incinding cavities liiud 
with hright-grec^n crystallizcMl cpidotc. The whole pile of strata 
l>clorjging to both formatioiw ia inclined, apparently tnm the abioe 
mentioned axis of Pluclaro, at an angle of between 20^ and 30^ t<> 
the east. I will here give a section of • the priwclpiil bcdamet wiin 
in cTosning tlio entire thicknesa of tho gyj>fteoni» atrata* 

Firstly ; aViovc tin- poqdiyritic eonglomeraicr formation^ ihero i^ » 
fine-graiiud, red, crysUlHnc aandatone. 

Heeondly : a thick mass of amooth^grained, c^lcarco*'alttWi*''^^*^’ 
j'haly rock, often marked with doitdriiie maogaiuwe, and havif»v^ 
wheie mo^t compact, the external ap|)earanee nf boneatonc* It 
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easily fusible. I shall for the future, for convenience sake, call this 
variety pseudo- honestone. Some of the varietie*s are quite black 
when freshly broken, but all weather into a yellowish-ash coloured, 
soft, earthy substarfee, precisely as is the case with the compact shaly 
rocks of the Peuquenef range. This stratum is of the same general 
nature with many of tl^ beds near Los Homos in the Illapel section. 
In this second bed, or in the underlying red sandstone, (for the 
surface was partially concealed by detritus) there was a thick mass of 
gypsum, having the same raineralogical characters with the great 
beds described in our sections across the Cordillera. 

Thirdly ; n thick stratum of fine-grained, red, sedimentary matter, 
easily fusible into a white glass, like the basis of claystone porphyry ; 
but in parts jaspery, in parts brecciated, and including crystalline 
specks of carbonate of lime. In some of the jaspery layers, and in 
some of the blaok siliceous slaty bands, there were irregular seams of 
imperfect pitchstone, undoubtedly of metamorphic origin, and other 
scairft of brown, crystalline limestone. Here, also, were masses, 
externally resembling ill preserved silicified wood. 

Fourthly and fiftlily : calcareous pseudo- honestone ; and a thick 
stratum concealed by detritus. 

Sixthly : a thinly stratified mass of bright green, compact, smooth- 
grained calcareo-argillaceous stone, easily fusible, and emitting a 
strong aluminous odour : the whole has a highly angulo -concretionary 
stmeturo ; and it resembles, to a certain extent, some of the upper 
tufaceo-infusorial deposits of the Patagonian tertiary formation. It 
is in its nature allied to our pscudo-honestone, and it includes well 
characterized layers of that variety ; and other layers of a pale green, 
harder, and brecciated variety ; and others of red sedimentary matter, 
like that of bed Three, Some pebbles of porphyries are embedded in 
the upper part. 

Seventhly : red sedimentary matter or sandstone like that of bed 
One, several hundred feet in -thickness, and including jaspery layers, 
often having a finely brecciated structure. 

Eighthly : white, much indurated, almost crystalline tuff, several 
hundred feet in thickness, including rounded grains of quartz and 
particles of green matter like that of bq|i Six, Parts pass into a 
very pale green, senii-porcellanic stone. ^ 

Ninthly : red or brown coarse conglomesate, 300 to 400 feet thick, 
formed cliiefly of pebbles of porphyries, with volcanic particles, in 
an arenaceous, non- calcareous, fusible basis : the upper two feet are 
arenaceous without any pebbles. 

Tenthly : the last and uppermost stratum here exhibited, is a com- 
pact, slatc-coloured porphyry, with numerous elongated crystals of 
glassy feldspar, from 150 to 200 feet in thickness: it lies strictly 
conformably on the underlying conglomerate^ and is undoubtedly a 

submarine lava. . 

This great pile of strata has been broken up m several places 
by intrusive hillocks of purple claystone porphyry, and by dikes of 
porphyritic greenstone ; it is said that a few poor metalliferous veins 





VIH, 

haw \wm iiisicovenHl liere^ From llm ftuiible nutum tnd gofieimt 
ii|)>p(«kraifi €0 of ilA fiotf^giminwl «trAU^ Hmy firolmbtjr owa thdr 
origin (Uko the nUtini bed# of the U^paUntn tnd of the u})|)er 
PnUg^miati tertwy formniion#) to gonlla volenmo isruptioniiy aoil to 
the nbniJiion of rolcnnio rook#, Cof]n}>nrtiig Iham bedii wHh tbote in 
the tnUiing di*rtrict of Antuero#, wo two ni ligtb ptiico^ rock# 
fti^tble^ of the atinte |>e«iiliar bright green imd red cokmio^ otmUining 
cnlciir^H>u# tnAtier, often having a bfe€eiat4Kl alrucittrc, often 

[inmiig tniu vncb othof and ofh^ altcniating logetlior : hence I cannot 
»K>«ht that the only diHerenee between them, litMi in llte Anjueroii 
UhU having been more im^iaiiiort^hoaetl (in ctinfomHl/ with tlnir 
til ore di# located ami if)jt«ctcd cofidittot))^ ami c^^naequentty in the 
calcareoiH matter, otide of irt»n and grei^^n colouring inaticr, having 
been ^egn^gatevl under a more cr}*#italline form, 

'Hie dtrala are inclined, a# before »taUd from 20*^ U> dO® eastward, 
toward# an irregular north and #«>uUi rhalw of aiuimtic |>or[>b) ry 
and of [HUphyritic gm‘n#tom% where they anvahruptly cut tdr.’ In 
the valley of Co^|uifidH>, near to the II. of tiualliguaca, sitnihir 
jdutonie rock# are nu t with, am^arently a southern prolongnti jn of 
the above chain ; and ca^twar»I n( it we have an i^ficaxpuunt of the 
jM>rphyrilic cong!oineraU% with the strata incliued at a Hnall angle 
eastward, whicli makes the third e^arpuient, ittiduiUng that iieant^t 
tlitr ceia'*t. IVocitding up the valley we rotnc to another north 
and south line of gmnile, aiidf>»ite, and black tsh |x>rphyrr, which 
to lie in an irregular trough td the jorpbyiitic c**iiglofiiernl*‘. 
Again, on the j^outh »ide of the U. (.’laro, there arc some irregular 
granitio hill#, which have thrown tlio itraU of purjdiyritic conglo- 
fiierate to the N. W, hy \\\ ; but ibc strati ficutiofi Itero loa# Ix^n 
much dinturUxL I did pfocixd any further up the vallev, and 
this point is about two- thirds of the distance lietwceii the racitk 
and the main Cordillera. 

I w ill ilescribe only one other ijectitm, namely, on llio north side of 
the U, Cbro, which is inUresting froi» cemUming fu«#ila : the strata 
are much dislocated by faulU and dike#, and are incliiicd to tho 
north, towards a mountain of amkttte and porphyry, into which they 
appt'ar to become alituist blended* A# ib© bed# apjrroach this 
mountain, their iiiclinatiop inerr^one# uji.to an anglo of ?0®, and 
in tho upixft ]mrl\ tho rpek# Womo highly n»etanw>rpho»c*b 'Ihc 
lowest IxmI visible in tbi# aoetion, i# a pufptkh bard nandslouo. 
.S<‘C4>nd!y, a Iml 2u0 or 0OO feet thick, of a wbita aiUccous sandstone, 
with a calcareous ci iricnt, cofitaiuing acama of alaiy iandatonc, and 
of hard yellow mb-brown (dobiinttk: ?) limcatona; numorou#, well- 
roundel, little |>ebblif# of quarta aru inflitded in the gairdatone. 
Thirtlly, a <iark colotircd limeatoita with aotno quarta pebWes, frt>m 
fifty to sixty feet iu thick ne##, oofitaining numeroiia ailicificd 
pr<*iM;ntly to \m cnuitioraied. Fourtlily, very compact, calearooms 
joHjKjry saiubione, pa##itig into (fifUily) a grtwi bei^povend httttdrcd 
feet thick, of conglomerate, cotnpoeed of |>obbl(ta of while, red, and 
purple |>orphyrie#, of saudsionc and quaria, cctneiiied by calcafeou# 
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matter. I observed that some of the finer parts of this conglo- 
merate were much indurated within a foot of « dike eight feet in 
width, and were rendered of a paler colour with the calcareous 
matter segregated into white crystallized particles ; some parts were 
stained green from the colouring matter of the dike. Sixthly, a 
thick mass, obscurely Gratified, of a red sedimentary stone or sand- 
stone, full of crystalline calcareous matter, imperfect crystals of 
oxide of iron, and I believe of feldspar, atid therefore closely re- 
sembling some of the highly metamorphosed beds at Arqueros : 
this bed was capped by, and apj)eared to pass in its upper part 
into, rocket similarly coloured, containing calcareous matter, and 
abounding with minute crystals, mostly elongated and glassy, of 
reddish albite. Seventhly, a conformable stratum of fine reddisii 
porphyry with largo crystals of (aJbitic ?) feldspar ; probably a 
submarine lav^. Eighthly, another conformable bed of green por- 
phyry, with specks of green eartli and cream coloured crystals of 
fcl(ispar. I believe Jhat there arc other superincumbent crystalline 
strata and submarine lavas, but I had not time to examine them. 

The upper beds in this section probably correspond with parts of 
tlie great gypseous formation ; and the lower beds of red sandstone 
conglomerate and fossiliferous limestone no doubt are the equiva- 
lents of the Hippurite stratum, seen in descending from Arqueros 
to Pluclaro, whicli tliere lies conformably upon the porphyritic con- 
glomerate formation. The fossils found in the third bed, consist of — 

Pcctcn Dufreynoyi, d’Orbig. Voyage, Part. Pal. 

This s^ocies, which occurs here in vast numbers, nccording to M. d^Orbigny, 
resembles certain cretaceous forms. 

Ostrea heniispherica, d'Orbig. Voyage, &e. 

Also resembles, according to the same author, cretaceous forms. 

Terebratnla a?nigma, d'Orbig. Voyage, cScc. (PI. XXII. fig. 
10—12,) and PL V, fig. 10, 11, 12 of this work. 

Is allied, according to 31. d’Orbigny, to T. concinna from the Forest Marble. 
A aeries of this species, collected in several localities hereafter to be referred to, 
has been laid before Prof. K. Foibes ; and he infoyns me that many of the 
specimens are almost undistinguisbable from our oolitic T. telraedra, and that the 
varieties amongst them are such iis are found ii^lbat variable species. Generally 
speaking, the American specimens of T. a;nigm,a may b^ distinguished from the 
llritish T. telraedra, by the surface having the ribs sharp and well defined to the 
beak, whilst in the British species they become obsolete and smoothed down ; 
but this difference is not constant. Prof. Forbes adds, that, possibly, internal 
characters may exist, which would distinguish the American species from its 
European allies. 

Spirifer Unguiferoidos, E. Forbes, PI. V. fig. 17, 18. 

Professor Forbes states (see Appendix) that thia apecies is very nesr to S. 
linauifera of Phillips (a carboniferous limesione tipssil), but probably distinct. 
M.^d’Orbigny considers it as perhaps indicating the Jurassic period. 

Ammonitc^f imperfect impression of. 

M. Dorneyko has sent to France a collection of fossils, which, I 
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|iri^ume» from the 4e$cfi|>tioii given* tnmi Imte come ftrom neigh- 
tHmrhood of Arquei^>9& ; they eom^kt of— 

Peoteii Dufreynoyi, d’Oibig. Voyage* Part, Pal, 

Ontm heini^plienca* do. do, 

Titrritella Atidii* do. do. ( Pleurotoniaria liuinbotdtH of Von liucli.) 

llippuntcH Chilens^b* do. do, 

rhe ftpi0ctm«nji of thU w#U lui ihotm 1 m my i!«wc4>nt 

from Amin^fo#, •rw t<»ry impi-ifKit , but In M, U’Orbijfn?** opiuimi they 

ft.* do«* tlift i'urrit0tift Aftdii, er«tit«;oou< grcHttiimiod I fomift. 

Naulilii.’* DomryktH. d’Orhig, do, do, 

TvrehratuU o'lugnu* do, do. 

Terebralula ignaiiaiui^ do^ do. 

Tum t«u«*r w!Mi tV.in<l br M. r>omt«r1io to ihe lutmis block of 

wtih ih«* I . Acci-if^hii^ lo M, d’tfrbjptirt tt come* ncjt to T< nfni^Ku♦ 

c«»flhl!ll^l fr».m l.i**. A of thu »p 0 <ic* coIUk:1<kI tt (»uuco, htt bt>»vo 

by Prof. P. ind ho >ftki Uitt it it difbi’uH to 

b<tw<N!‘ti t>H? fttid tho trottt tho moeiotin 

•n<i that u it t^iuallir diih^rtilt tv* t boo ihttm trtii Actmt* .\l«iriOut}v 

I ««fifbr4tul<*\ Uohu*it t Icdierif < f the locufiul *(nictur*», it it itn{K>»«ib]«!> at 

jvric'^ii-ut tv Mft th*.^u ifituuir u* l.ur^jijijKr'iu fortiwi. 

T1m» roiiKirki given on ihe mner;*! foregoing »how that, in 

M. dOrhigtiVf opiniMii, the iV'cteii, O^triti, Turriteik, and flip- 
purite indicaU^ ilio creUtv^nt** |Kriod ; and ihe (tryphtca appearn t<A 
Prof, iN»rhe'} to In* identical with a a«>tK>ciated in « 4 Mitl»t*rii 

ifidia witli nn»|Ui'r»{tonahly cnAaeeoiH foria^. On the otlier lund, 
the tw»« Terehraliilin and the Spirifer |K)int, in the opinion l^oth 
of M. <r<)rhi^;ny an I I'rof. h\>rU>, to the oolitie neru^, fleriro 
M. d'Orhigiiy, not haung liinmdf examine*! ihid eonniry, hati cnai- 
eluded that there are heri' two <iHtinct forniaiioini ; but the SpiriiVr 
and 'r. w>nignui w<‘fe cerUmly includi'^l in the mim bc<l the 
Pecieii and O^trea, whence I oxIractiM] tliem ; and the geologist M. 
Dioneyko wnt home the two TtTebratuItts with the oUicr-n^itUH! fshell:# 
from the »ame locality, w itlmiit 4!'p4‘cifyiag that they came from didVnnt 
Again, m wc shall [>rej^?ntly inec, in a collection of bhelln 
given me from fni-|<*co, the mme a]K*ciaa* and oUim pa*«CMting 
analogotH ililT’ ii nccj** are mingled together, and are in the iwrne 
condition ; and la^^tly, in thm!> place«t in the valley of Copinpo, I 
found Komu of thetc siitne’ f(p€tdi*ii nimilariy grotijwfl. Hence there 
cannot he any donht, IngHly curioti.^ though the fact be* that ihe^so 
‘'cvrral hin^^iU, namely, the ilipinintcv* Oryphma, (Miea* PecUn, 
rnrritfdla, XautUuH, two Tcrehratnlcc, and Bplrifcf all belong to the 
!*amtj formation, w hicli would ap]K*ar to form a piUMMige notwemi 
tlio oolitic and cretactvms ay#t«uini of Kuropjf. AUbottgll awaie how 
nnn*<nal the term imnit iiound, I iHhalt, for COttventenee »ake, call thk 
formation oretacTo-ixiUtjc. Comparing the aectiona in thla valley of 
< ocpiindio with thr>iso in tlio Cordillera d<m:ribt4 in the laal chftpt«^ 
and jx>aTing in mind tho character of the beda in the mtenuediato 
diisinct of f,o» Uorno«, there ia certainly a done ge»e^ mineralogical 
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red^mblance between them, — both in tha underlying porphyritic 
conglomerate, and in tlie overlying gypseous fondation. Considering 
this resemblance, and that tlie fossils from the Puente del Inca at the 
base of the gypseous formation, and throughout the greater part of 
its entire thickness on the Peuquenes range, indicate the neocomian 
period, — that is, the (j^n of the cretaceous system, or, as some have 
believed, a passage between this latter and the oolitic series, — I con- 
clude that probably the gypseous and associated beds in all the 
sections hitherto described, belong to the same great formation, 
which I have denominated — cretaceo- oolitic. I may add, before 
leaving Cocpiimbo, that M. Gay found in the neighbouring Cordillera, 
at the height of 14,000 feet above the sea, a fossiliferous formation, 
including a Trigonia and Pholadomya both of which genera occur 
at the Puento del Inca. 

Coquirnho to Guasco . — The rocks near the coast, and some way 
inl^bd, do not differ ^roni those described northwards of Valparaiso : 
we have much greenstone, syenite, feldspathic and jaspery slate, and 
grauwackes having a basis like that of claystone ; there are some 
large tracts of granite, in whicli the constituent minerals are some- 
times arranged in folia, thus composing an imperfect gneiss. There 
are two large districts of mica-schist, passing into glossy clayslate, 
and resembling the great formation in the Chonos Archipelago. In 
the valley of Uuasco, an escarpment of porphyritic conglomerate is 
first seen high up the valley, about two leagues eastward of the town 
of Ballenar. I lieard of a great gypseous formation iu the Cordillera ; 
and a collection of shells made there was given me. These shells are 
all in the same condition, and appear to have come from the same bed : 
they consist of — 

Turritella Andii, d'Orbig. Voyage, Part. Pal. 

Pecten Dufreynoyi, do. 

Terehratula ignaciana, do. 

The relations of these species hove been given under the head of Coquimbo. 

Terehratula aenigma, d’Orhig. Voyage, Part. Pal. (var. E. Forbes, 
PL V. 13, 14.) 

This shell d’Orbigny does not considsr identical with bis T. aenigma, 
but near to T. obsolete. Professor Forbes tbinVs that i^is certainly a variety of 
T. mnigma, and his observations on this species nre given in the list of fossils from 
Coquimbo: w© shall meet with this variety again at Copiapo. 

Spirifer Chilensis, E. Forbes, PI. V. fig. 15, 10*. 

Professor Forbes remarks that this fossil resembles several carboniferous lime- 
stone Spirifers j and that it is also related to some liassic species, as h. wolcotii. 

If these shells had been examined independently of the other col- 
lections they would probably have been considered, from the charac- 
ters of ’the two Terehratulie and from the Spirifer, as oolitic; hut 
considering that the three first species, and according to Professor 
Forbes, the four first, are identical with , those from Coquimbo^ the 
D’Orbigny, Voyage, Part. G6olog. p. 242. 
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two fonmtiom oo doubi luw th« «un«% «nd imif» w X tiAve wdd^ u 
proviiioii«Uy oJM 

ValU^ ^ TI>o journey from Guaieo U Oopiupo^ owing 

to tbe utterly a<i»it!)fi luiture of the eountry, woo uoewMiriW oo hurried, 
Utui I do not uonrider my noteo worth In the valley of 

CopiiiiH>, aoino of the »Qioiton4$ are very inlwrtiogA From the sea to 
the town of Cop}a|) 0 , a dutianoo t^timaUHl at thirty milots Ute mouiw 
Uine are compo^od of greenstone, granite, aiuleiiiie, and blackish 

C ^rphyry, Uxgether wiUi noine dii(iky-ga»tm feldb9|uitliic rocks, which I 
dieve to be altered claydate : tlu'se iiumniaiiu are eroiwsod by many 
brown-coloured dikc^s, minting north and iM>uih. Above the town, 
the tnaiii valley nine in a eoaih-cviai and even tiiom aoutherly court^cf 
to wauls the i’opJilJera ; where it is di vixUd into thre^i gnitl ravines, by 
the northern one of which, calk'd iok|uera, I iK;tietra,tcd fur a short 
dt»tanctT. The coloured section, tig. 3 in Plato I., givi<w an eve- 
skutch of the stnictuie and coni^K^^ition of th^> tnotintains on biufi 
mUv^ i*t* tim valley : a straight t^l tuid wc^t line fmtii the kiwn 
to the l/ortlillera is fn'fhaps not more than thirty milt'll', but along 
the valh V the ili^tance is tnneh greaUr. Wherever the valley 
trended \t ry »t->nihcily, I ha%c eudeavotutd to contract Uht section i«u> 
iU true |iroporiion. This valley, I may add, risesj much more gently 
than any «4her valh y which I imiw in (’idle. 

To witii our sc4rti<*t}, for a short distance al>ove the town 

wc liavc hills of the granitic scrie-, Uigellier with of that rock, 
f AJ, which I riuspcct to he altered claydatc, but which Prof. <k 
i{(m% judging from specimens ctiUecUd by Meyxn at P. Nt^gro, states 
is serjM;«tint! pa*soiig into gneiisione. Wo ilit'it ctuno siidtktily to tlio 
great Ci^pseoxm foriiiation [B] wittiont having pajiscd over, dif- 
ft reiitJy from in all i!ie sectifnis hitherto d<*scril>cd, any of the por- 
[>hyritH' cf>iigi*»mtrUc. The Htrata are at first cither ltori«onUl er 
g»*iuiy ifubiicd w eastward; then highly inctim^d in various directions, 
and comorUil by underlying masnicti of intrusive rockit ; and lastly, 
tiny iiave a re gular eastward dip, ana form a tokrably well pn>- 
nounced north and synth lino of htH». Thif» formation coiwmtii of 
thm siraUv, w ith innumerable aliemaliorts, of idackt calcaieowo 
rock, of cxiharctf-alttniinous ftotica like thoac at Coquimbo, which 1 
have called pjHjudo-lftunwtunljs, of green jai»|>cry layers, and of pale- 
purplish, caiearconfi, soft rottcnatoiic^ ittcludlng aeatm and veins of 
gypsum. Theise Htrata arf,» cotiforniably ovcrlaiu by a gnsat tbickncss 
of thinly stratifixal, compact linu'stonc, with titcludcd crystals of car- 
bonate of lime. At a placo called Tierra AmaitUa^ at ilio foo^ ^ 
moiinUtn ihu^i complied, there i« a broad v^oin, of perhapt itratum, 
of a iH^uiifnl and curtotis crystallised mbrturf, iK>infKM»ed» aocofdiog to 
Prof, G. Rose,* of Hutplpiie of iron tinder two fmrtiia» and of thesttl- 
pluvtea of copper and alumina : the section in »o obaemre that I cooW 
not make out whether tbia vein or atraium occurred li^ tho gypeeoiw 
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formation, or more probably in some underlying masses [A], which I 
believe aye altered clayslate. 

Second AxU of Elevation.^-Aitex the gypseous masses [B1, we 
come to a line of hills of unstratified porj>hyry [C], which on their 
eastern side blend into strata of great thickness of porphyritic con- 
glomerate, dipping ejj^ward. This latter formation, however, here has 
not been nearly so mucli metamorphosed as in most parts of central 
Chile; it is composed of beds of tnie purple claystone porphyry, 
repeatedly alternating with thick beds of purplish-red conglomerate 
with the well-rounded, large pebbles of various porphyries, not 
blended together. 

Third Axis of Elemtion, — Near the ravine of Los Homitos, there 
is a well marked line of elevation, extending for many miles in a 
N.N.E. and S.8.W. direction, with the strata dipping in most parts 
(as in the second axis) only in one direction, namely, eastward at an 
average angle of between 30® and 40®. Close to the mouth of the 
vaitley, however, tlicye is, as represented in the section, a steep and 
high mountain [[D]], composed of various green and brown intrusive 
porphyries enveloped witli strata, apparently belonging to the upper 
parts of the porj)liyritic conglomerate, and dipping both eastward 
and westward, I will describe the section seen on the eastern side 
of this mountain []D], beginning at the base with the lowest bed 
visible in the porphyritic conglomerate, and proceeding upwards 
through the gypseous formation. Bed (1) consists of reddish and 
brownish porphyry varying in character, and in many parts highly 
amygdaloidal with carbonate of lime, and with bright green and brown 
bole. Its u[)per surface is throiigbout clearly defined, but tlje lower 
surface is in most parts indistinct, and towards the summit of the 
mountain quite blended into the intrusive porphyries. Bed (2), 
a pale lilac, hard but not heavy stone, slightly laminated, including 
small extraneous fragments, and imperfect as well as some perfect 
and glassy crystals of feldspar ; from 1 50 to 200 feet in thickness. 
When examining it in sUu^^ I thought it was certainly a true por- 
phyry, but my specimens now lead me to suspect that it possibly 
may bo a metamorphosed tuff. From its coloiuiit could be traced for a 
lotig distance, overlying in one part, quite conformably to the porphyry 
of bed 1, and in another not distant p^rt, a very thick mass of con- 
glomerate, composed of pebbles of a pqrphyr^ chiefly like that of 
bed 1 ; this fact shows how the nature of the bottom formerly varied 
in short horizontal distances. Bed (3), white, much indurated tuff, 
containing minute pebblos, broken crystals, and scales of mica, varies 
much in thickness. This bed is remarkable from containing many 
globular and pear-shapgd, externally rusty balls, from the size of au 
apple to a man « liead, of very tougli, slate- coloured porphyry, with 
imperfect crystals of feldspar : in shape balls do not resemble 

pebbles, and I bidie oe that they are subaqueous volcanic bombs; they 
differ from s%d>a£nal bombs only in not being vesicular. Bed (4) ; a 
dull purplish -red, bard conglomerate, with crystallized particles and 
veins of carbonate of lime, from 300 to 400 feet in thickness. The 
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})ebbies ws of clay)»toD« |)orph^c« of mmry vmriotiei; thoy aie 
tolorabiy well roimd<Si^ ami vary to aiaw from a largo apple to a man's 
head. This bed inctudott Uireo layers of coams blacky Ciilaireous^ 
somewhat slaty rock : the ttpj>er part panaea lute a compact rod 
sandstone. 

In a formation «o higlily variable in mim^falogiaij nature, any 
division not founded on ftwssil remains, must l>e extremely arbitrary : 
nevertheliws the lieds l>eU)w the last coudomemU*, may, in aecordatice 
with all tl»e sections hitherto descriliM?^!, bo considcretl aa belong»n;Lr 
to the pt>rphyrtlic c<*nglomeniU% and those above it to the gypse<ma 
fi>nnaliou, tnarki^l fKJ in the methm. The part of lire valley in 
which the foUfm iitg l»eds are mam w near Pf>trero iSeco. his\ (f,), 
comjxfict, Hne*onuih‘^b gret'ni»h>gTey, non«ea!eareou#, imiuraUMi 
inudslyne. cn>ily fu'^ihle into a jale ermj and white gbnssw Ikd (0)^ 
joirpli'vb, coar«e-gr,iine«i, hard sandstone, wuli bnden cry*»tiils i>f 
h l»kpar and crysudliraal particles of carlKniate t»f lime ; it possit?«»eM a 
slightly nmlular '^irncturv. Ikxl (T), blackidi-gf?v, much indnmttd, 
caleartH^us mudstone, with extram^tius partick's of ttm<]tial »ixe ; the 
whole Uing in parts futely breccmtiMl. In this mass there is a 
strittiin, twenty fwt in thickiiesw, of impure gypsum. Ikjd (8), a 
^r^'tMiish lundnone w iih several lay»»r» of gy{>sum, Ikvl (9), a highly 
induraletU easily fusible, white tuff, thickly mottled with ferrtiginotis 
matter, and iiulnding white f»«*mi«porccUanic layers, which are 

interlaced with ferruginous veins. This stone closely res<?mbk»$ ^t\nv 
of the cojumoncrtt varieties in the ISpallata chain. licsl (HI), a 
thick of rather bright grt'iiii, indurated mttdstonc or tuff, witii a 
concretionary nodular siructnre 'u> atrongly lievelopid that tlie wli< >lc 
iiKVvs cond,-jts of balls. 1 win not attempt to estimate the thick- 
nt*s*5 of ll)c strata in the gyptKH»u?i formation hitherto dcsKTril^cil, but 
it must ceruinly U? very many hiimlfcd fetrt. lied (H) w at 
least tSOO feet ill thickness : it consists of thin laycnt of wbitidi, 
greeni’^h, or nu»re coimiionly brown, tine-grained indurated tufts, 
which crumble into an|;pilar fragments : »*ome of the lityeni am senn- 
porceilanie, many of them highly ferruginous, and «otiie are almost 
coiupowd of carbonate of lime and iron witli dnirry cavitiea lined with 
quartz-cry stub. Ikd (12), dull puqdtsh or gK^eniah or dark -grey, 
very compact and much inifuraUd inudsione : estimated at 1/^00 
in thickness : in* some jmrta this rock asaumtm Uic character ot 
an im|H‘rff,xt coarse clay date; but viewed under a Icnsh the base* 
uiwayM lias a mottled ap[>eariuux^, with the edgea of the minute com- 
jjonent partick'a blernliiig together* Parts arc oilcareoua, and there 
are numerous veim of highly cfy^stallino carbonatn of liwo cbargcil 
wall in>ii. The mass hai a nmlular airiictunk and ia divided by only 
a few plums of stratiheation : there are, howaver, two layer^ 
about cigiiUioii inches thick, of a dark-browti, finer-grained stone, 
having a conchoidal, semt-porcellanic fracture whidi oan bo followed 
with the eye for «iunc milea across the country. t 

I believe thin last great bod is covered by oilier nearly similar altcr- 
uaiione ; but the sectiou U hero obaoufod oy a tilt fitrsn tiia next por- 



CHAP. VIII.l 


GYPSEOUS FORMATION. 


221 


phyritio chain, presently to be described. I have given this section 
in detail, as being illustrative of the general character of the mountains 
in this ncighbourliood; but it must not be supposed that any one 
stratum long preserves the same character. At a distance of between 
only two and three iniles, the green mudstones and white indurated 
tuffs are to a great extent replaced by red sandstone and black calca- 
reous slialy rocks, aftemating together. The white indurated tuff, 
bed (11), here contains little or no gypsum, whereas on the northern 
and opposite side of the valley, it is of much greater thickness and 
abounds with layers of gypsum, some of them alternating with thin 
seams of crystalline carbonate of lime. The uppermost, dark-coloiired, 
hard mudstone (bed 1 2) is in this neighbourhood the most constant 
stratum. The whole series differs to a considerable extent, especially 
in its upper part, from that met with at |^B B], in the lower part of 
the valley ; nevertheless I do not doubt that they are equivalents. 

fourth Axis of Elfivation^ ( Valley of Copiapo,) — Tliis axis is formed 
of a chain of mountains [[F], of which the central masses (near 
La Punta) consist of andesite containing green hornblende and coppery 
mica, and the outer masses of greenish and black porphyries, together 
with some fine lilac-coloured claystone porphyry ; all these porphyries 
being injected and broken up by small hummocks of andesite. The 
central great mass of this latter rock, is covered on the eastern side 
by a black, fine-grained, highly micaceous slate, which, together with 
tlie succeeding mountains of porphyry, are traversed by numerous 
white dikes, branching from the andesite, and some of them extend- 
ing in straight liucs, to a distance of at least two miles. The moun- 
tains of porphyry eastward of the micaceous schist soon, but 
gradually, assume (as observed in so many other cases) a stratified 
structure, and can tlien be recognised as a part of the porj)hyritic con- 
glomerate formation. These strata [G] are inclined at a high angle 
to the S.E., and form a mass from 1,500 to 2,000 feet in tliickness. 
The gypseous masses to t|je west already described, dip directly to- 
wards this axis, with the strata only in a few places (one of which is 
represented in the st'ction) tlirown from it ; Jience this fourth axis is 
mainly uniclinal towards the S.E., and just like our third axis, only 
locally anticlinal. 

The above strata of porphyritic conglomTJrate [G] with their 
south-Ga.stward dij), come abruptly up against beds of the gypseous 
formation [H] which are gently, but irregularly, inclined westward : 
80 that there is here a synclinal axis and great fiuilt. Further up 
the valley, hero running nearly north and south, the gypseous forma- 
tion is prolonged for spmc distance i but the stratification is unintelli- 
gible, the whole being broken np by faults, dikes, and metalliferous 
veins. The strata consist chiefly of red calcareous sandstones, with 
numerous veins, in the place of layers, of gypsum ; the sandstone is 
associated :vith some black calcareous slate-rock, and with green 
pseudo-honestoncs, passing into porcelain-jasper. Still further up 
the vaUoy, near Las Amolaiias, [1] the gypseous strata become more 
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rtgtiliur, dipping at an angloof brlwocn 30^^ fiMi 40® to and 

coufoniiaUy nv«rlytttg« nour tlin inoiitli of tho mvino of Jolqnora, 
inirala rK3 of p»ndiyritie conglotnrratr. T!i« wholo aaika Uaa btvn 
lilted by a partially cintetmleti axia £L3 ^ g^ranilay atideatle, and a 
granilio niixtoro of whito fclda(>ar^ quarUit And oxide of 

f^yU wtjw# Jh*Umfum ( VoUry e/ A^ir Zof Armiomu). 

— I will describe iit aoinc? detail the IxxU J ben% which an 
jmt »late<l^ dip to W.8.\W^ at an an^le of from 30'' to 40*^. I 
had not time to examine the underlying f>orphyritic c<mgimuernU\ 
of which the lowe»t bcd«s o« neeti at the loowtli of Ui% Johpicra, 
an? hiiildy compact with crytub of nnj oxide of iron ; and f am 
nut prejared iu «ay w hether they are chiefly of vulcanic or nicUmor- 
pbic ori;»iii. Un then* a c<iar!^ ptirplifih conglume- 

ritf% very little meUniorphmt'^h of |vebhleti«of jwphyry, 

hut r< fuarkahie from ciuUaining one ^nddde of granite ; — of which fact 
no ini»taiw'e han t»ccurn'd in the ^xUom hithnrt<v described. 
thw ctuiglumeratc, then* a black chiy»t(>iH\ and ali*>v<- it 

iHiruerous altcralioii# of dark^purph^h and gnt'n poqdiyrie#^ which 
may lx* c«>ni‘idered m the wpjmTnio^t limit of the porpliynlic c*m- 
glorm nitc formation. 

Aleo c thtx» jX)rphyrH^ cum«‘^ a ctmnsc^ arenaceuu# e<>fig!ommtc» 
tlie lower half white and the upper half of a pink colour^ coinpt^ikd 
chiefly of |Hd)bh>4 of various porphyrie*^^ hut w idi ^uriK' of rtxl i^aiid- 
wtonc and janpery nKrkrj. In ^luuie <d the more anumceoiH part« of 
ihe ct>noh>iuerale. there \va^ an ubllque or currtuit lamination ; a 
oirrnni*«tance which I did not udM^wln re id^n^rvc. Alx»vc thb Coro 
gloroerate, lh»*rt.' in a va-*i thick ne-»'» <»f thinly ?iicatirH^l, pale-yellow idi, 
hihceriurt rtambtone, pa^^a^ing into a granular *]«xrtx*r«H:k, u^x*d for 
grind.Hioncsi (lienee the name of the plact* Aiir and <Tr- 

lainly Ixlonging to the gy|eHcouM formation, dt^ jmibably the 
iininedintely umh riving conglomerate. In tlhi# yclltjwd»h windhtone 
tlu re are layer* of white and pal<vml siiljctxnw mnglovncniU! ; otiicr 
iayerw w ith *mall, welhfoumled |w?bl>lefi of wliiUr quartz, like the bed 
at the K. Olaro at < ‘‘iquimbo ; others of » gTCciiii»h, flne-graintHl, li’«« 
*<ilic*f*«fU* Htono, somewhat resembling the pwadtMhoiicstanc^ lower 
down the valley ; arnl lastly, Athm of a black calcjareruw idiale-rtxk. 
In one of the layer* of tongiomerate, there wa# embedded a fragnvent of 
mira-nlate. of which thi* U the hriit instance; betiee, perbap«f it i* 
from a formation of mica-nhite, that the nnmtwHA xmxU pebhlet^ of 
quarjz. IvHh here and at < ^>f|fiiinlK», have Ixjeti derived. Not only 
do<^s the ftilirxxm* sandstone include layerti of the black, iWtily Atrati' 
lied, n<»t fi**sth% calcareouv almW-rock, blit ii\ onu place il*c wl>ole 
inasM, oi^pecially the up}x?r part, was, In % iiiarvaUotixly xhorl burixcntal 
distance, afb.yr fm|uent tdtemations replaced by tU Wbcw this 
oecurn d, a inonnuin-maaa, acveixl ihouauud feet in thteklH?«« 
thuft cotiipojied ; thcs black calcareoitx ahalc-rr>ck, Itowvver, always 
inclttdefl twune laym of the imlc^yis^llowkh ailtccotti aandaUtlKh of the 
red conglomerate, and of tlic grcotiiidt jaapory and jHieiido»ltoiic*^one 
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varieties. It likewise included three or four widely separated layers 
of a brown limestone, abounding with shells* immediately to be 
described. This pile of strata was in parts traversed by many veins 
The calcareous shale-rock, though when freshly broken 
quite black, weathers into an ash-colour ; in which respect and in 
general appearance, it^perfcctly resembles those great fossiliferous beds 
of the Peiiquenos range, alternating with gypsum and red sandstone, 
described in the last chapter. 

The shells out of the layers of brown limestone, included in the 
black calcaijeous shale-rock, which latter, as just stated, replaces the 
white siliceous sandstone, consist of — 

Pecten Diifreynoyi, d'Orbig. Voyage, Part. Pal. 

Turritella Andii, do. 

Relations given in the list from Coquimbo. 

^starte Darwinii,4E. Forbes, PI. V. fig. 22, 23. 

Grypluea Darwinii, do. PI, V. fig. 7. 

An intermediate form between G, gigantea and G. incurva. 

Gryplioea, nov. spec.? do. PI. V. fig. 8 and 9. 

Perna Americana, do. PI. V. fig. 4, 5, G. 

Avicula, nov. spec. 

Considered by Mr. G. B. Soworby 8S ibo A. echinata, by M. d’Orbigny as 
certainly a new and distinct species, having a Jurassic aspect. The specimen has 
been unfortunately lost, 

Terebratula oenigma, d’Orbig. (var. of do. E. Forbes, PJ. V. fig. 
13, M.) 

'I’liis is the same variety, with that from Guasco, considered by M. d’Orbigny 
to be a distinct species (lom his T. ajoigma, and related to T. obsoleta. 

Plagiostoma and Ammonites, fragments of. 

The lower layers of the limestone contained thousands of the 
Gryplisea ; and the upper ones as many of the Turritella, with the 
Grypheea (nov. spec.) and Serpulee adhering to them ; in all the 
layers, the Terebratula and fragments of the Pecten were includetl. 
It was evident, from tlie manner in which the species were grouped 
together, that they had lived where notv enibdl!ded. Before making 
any further remarks, I may state, that higher up this same valley we 
shall again meet with a similar association of shells ; and in the great 
Dcspoblado valley, which branches off near tlie town from that of Co- 
piapo* the Pecten Dufreynoyi, some Gryphites (I believe G. Darwinii), 
and the true Terebratula amigma of d’Orbig. were found together in 
an equivalent forinatiou as w’ill be hereafter seen. A speciincir also, 
I may add, of the true T. a?nigma, was givgn me from the neighbour- 
hood of the famous silver mines of Chanuncillo, a little south of the 
valley of Copiapo, and these mines, from their position, I have no 
doubt, lie within the great gypseous formation : the rocks close to 
one of the silver- veins, judging from fragments shown me, resemble 
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th<m dingttliMr wHamorphci^i^ deixMiiU firotn the oimtiig of 

Arqtteroii, near Coqtiiinho* 

I will reitemli? the ovidenee on the a^mnation of thews wjveml dlulU 
In the ueveral locaUiuw* 
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1 \rH,h» 

NasjUlut iX^mevku* 
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I** ft!} m ci>ndiUaft. 
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VtH'un Dufri'Viiftf I 
I t:ryo»’!!ft AnHo 
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P»rv*i n; 
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I f>ri»brfttuU«nigmft(,tnj(^ ji 
P«^c«en I><jfrf*ynoyi 
Prypbara Dairt^'iini? 


I lu b<<J, high tip th4ft gf*»t bu^fi^l TaU^«>jr 

I ilw ilenpobUfio, 111 liny mrin# of Marieoege. 


of 


Conmdt*riiij!; thin tahh’, I think it U ifii|>oftwblo to donht that 
ftjH'iib Ixlofig to tlie «iine formatioii. If, however, the 
fp»m Uu* Atnolanfts, in the V"" alley of Copiapo, had, m in the ea^e of 
tho54o from CluaMeo^ Ikmi wrpartttely cxai«ifH>i|, thepr would proWhlv 
have been ranked an oolitic j for, although ifo Hpirifcm wero found 
h*'re, all the other «pfcici«,^'ith the exception of the PecteiKTuffHell^j 
and A'^larle, have a more ancient anjiect than crctaceoti« for«n»* 
tlie other Imiuh taking into account the evidence deri|a*d fr<im the 
cretacroua character of theae tlmye ahelU, and of i!»e Uippuritos 
Gryphica orientalia, and Oftirca, from Ooqulmbo^ wa are driven back 
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cilAl*. Vlll.j 

to tho ])rovi^ional name already used of cretaceo-oolitic. Front 
geological evidence, I believe, this formation to be the equivalent of 
the ucoconiiaa beds of tho Cordillera of central Chile. 


To return to our section near LasAmolanas: — Above the yellow 
siliceous sandstone, or thb equivalent calcareous slate-rock, with its 
bands of fossil-shells, iiccording as the one or tho other prevails, there 
is a pile of strata, which cannot be less than from 2,000 to 3,000 feet 
in thickness, in main part composed of a coarse, bright, red conglo- 
merate, with many intercalated beds of red sandstone, and some of 
green and other coloured porcclain-jaspery layers. The included 
ptdjhlos arc well roiinded, varying from the size of an egg to that of a 
crickct-l)all, with a few larger ; and they consist cliiefly of porphyries. 
The basis of the conglomerate, as well as some of the alternating, thin 
beds, arc formed of a red, rather harsh, easily fusible sandstone, with 
crystalline calcareous particles. This whole gre.at pile is remarkable 
fronj^thc thousands of huge, embedded, siiicihed trunks of trees, one 
of>%hich was ciglit feet long, and another eighteen feet in circum- 
ference : how marvellous it is, that every vessel in so thick a mass of 
wood should have been converted into silex ! I brought home many 
specimens, and all of tliem, according to jVfr. R. Drown, present a 
coniferous structure. 


Above this great conglomerate, wc have from 200 to 300 feet in thick- 
ness of red sandstone ; and above this, a stratum of black, calcareous 
slato-rock, like that which alternates with and replaces the underly- 
iufj^ yellowish- white, siliceous sandstone. Close to the junction between 
this upper black slate-rock and the upper red sandstone, I found 
the Gr^pheva Darichui^ the Ttirritella Andil^ and vast numbers of 
a bivalve, too imperfect to be recognised. Hence wc see that, as far 
as the evidence of these two shells serves— and tho Turritella is an 
eminently characteristic species— the wliole thickness of this vast pile 
of strata" belongs to the same age. Again, above tlie last-mentioned 
upper red sandstone, there were several alternations of the black, cal- 
careous slatc-rock ; but I waf unable to ascend to them. All these 
uiipcrmost strata, like the lower ones, vary extremely in character m 
short horizontal distances. The gypseous forniatTon, as here scon, has 
a coarser, more mechanical texture, and contains much more siliceous 
matter than tlic corresponding beds lower down tl« va ley. ^ Its total 
tliickucss, tocother with tl.o upper beds of tl.e porphyritic conglo- 
.uerute, I esthuated at least at 8,000 feet ; aud only a small portion of 
the porphyritic conglomerate, which on the 

fourth axis of elevation appeared to be from 1,500 to 2,000 feet thick, 
n.cr^ nehided. As corroborative of tho gre-at thickness of the gyp- 
SCO 19^0 nation, I may mention that in the Dcspoblado Va ley (which 
Echls from the main valley a little above the town of C«p.apo) I 
Lind a corresponding pile of red and el 

talcarcous, scnii-jaspery mudstones, rising 7 

Srm^’thro.ir iiVan absolutely veit.ca pos.tm^^^ 
pacing, I ascertained tl.eir thickness to he nea.ly *,700 feet , taking 



»A«-UIT OF COPIAFO. 


S2« 


C^haf! Tin 


thU M o •ttndiud of oomporiton, I ratimated tho th>Bknen of tlio 
ilriiUi lb<» poqihyritk coRgb>inmii»'<il T^lDOO 
Tbt UTurt? fmm the in tlio 

wbilbb «tUc«oii» uamlirtane, am now on Uio loairi computation, 

hy mtnita, from 6,<W>0 to 6,00(1 (eei in ihtcktim. Profcnwaor E, ForWs 
thtnka that tbc«o probably lived at a dcptli of from aliout 

tbirty to forty faihonuis that it from IHO to feet} anyliow, ti 
imiHHsible that they ci^uM have lived at the depth of from 5,000 to 
6,000 feeU Ilenc*^ iti tlib caao^ aa ia that of tlie Puente del Inca, wo 
may isafrly conclude timt the bottom of the mm nn which the »iu»lb 
lived, e«b#uUHb fw> to nx!cive the aupenticitnilami eubmaritio strata: 
and thb eubsiidenee mn»t have taken place during the* exintetice of 
tlusw elieib ; for, a» I have i»howii, eomo of them «>ceiir hij^h up as 
well a# low down in the «c‘rw. That the l»oUom of the »ea #»ul)« 
aide^K H in harmony with the prcafcncc of tlie layers of coarst* well- 
rouiidcs! pehhltM included tbronghout tliiii whole pile nf strata, as will 
as of the gr^*at upjxrf mam of eonglornerale fnnn 2,000 to 3,000 
f*si»t thick ; f«»r cmuwo gravel could hardly have lj>c<*n fornuHl or 
«prt*ad nnt at the profound depilis iodieaU^I hy the thickness of tiio 
strata. The siilHidence, ali^v must have hetm alow to ha%'e allowed of 
this uften-recurrtmt siineadtng out of the pelddes. Moreover, we shall 
presently »ee that the siirfiveyw of «or«o of the stream* of |M>T|diyriiic 
Lava UneatU the gyjmxoi* formation, uu) so highly ainy^daloidal 
that it iv ficarcely jMww^ihlc to Iwdievw that they Oowol uiuKt the vast 
pnmnrc «>f a deep osx^an. The ct>neliision of a great suhsidenco 
during the existence of these CTetark*o-tH>liiic? fossilsi, may, I Ixliove, 
Ih> rxtendtsi to the district of ( *tw]uimlM>, althmigh, owing to the 
h^ssilifmma hciU there not Ixing diriTtly covcnnl hy the np|K*r gyp- 
setnis strata, w hlch in the Miction «f»rih of the valley arc aboiit (huoo 
feet in thickness, I did not there on this conclusion. 

The fw/hhles in the above conglomerate^ l)>oth in Uie upper and 
lower bc^U, are all well rounded, and, though chw^fly composed nf 
variotH por|>hyrie«, there are some uf nvi «iand»tofm and t>f a ja^^pery 
stoire, l>oth like the nxks intercalated in layers in this same gypstous 
formattun ; there wa^ one pdihle of mica*«latc and aorne of quartan to- 

§ ether with many jwticlcaof cpiartx. In thm reaficctf there is a wide 
iflcTencc between the g) p|^o«e cotighuneraloi and ihoiC of the jwr- 
phyriticH;onglomef|kte ^eqation, in which latter^ angular and roundtd 
fragntenU, alnioat cxcloaiycly cornpoaed of poq>hyrie», arc wing W h»- 
geuier, and which, as already often icntarkcdy probably were lyt^tcd 
frmn cratt^ra di^cp under the sea. From theao facta I conclude, that dur- 
ing the formation of the conglomcraUw, land existed iu the neighbinir- 
howl, f.fi the shorea of w hich the innumemblo pebbhw were rounded ami 
tlo^uco diaiieraed, and on which ilie conifciona fon»ta flourished— 
it is improbable iliai so many thousand I<^ of woodsliould have lx***' 
dnft<»<l from an}^ great distance. Tliia lan^ probably island^ must ha' ® 
Ixcn mainly f(»rmcd of por|diyric«^ with wune intca-«lat<N whcuco 
the quarta wa* derived, and witli mme nxl aandsbmo and 
rocks. This latter fact i« impoitaiil, as it shown iliat in this distnet, 
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even proviou^y to tlie deposition of tlie lower gypseous or cretaceo- 
oolitic beds, strata of an analogous nature bad elsewhere, no doubt 
in the more central ranges of the Cordillera, bden elevated ; — thus 
recalling to our minds the relations of the Cunibre and Uspallata 
chains. Having already referred to tiie great lateral valley of the Des- 
poblado, I may mention tl|iat above the 2,700 feet of red and white 
sandstone and dark mydstone, there is a vast mass of coarse, hard, 
rod conglomerate, some thousand feet in thickness, which contains 
much silicified wood, and evidently corresponds with the great upper 
conglomerate at Las Amolanas : here, however, the conglomerate con- 
sists almost exclusively of pebbles of granite, and of disintegrated 
crystals of reddish feldspar and quartz, firmly recemented together. 
In this <5ase, we may conclude that the land whence the pebbles were 
derived, and on which the now silicified trees once flourished, was 
formed of granite. 

The mountains near Las Amolanas, composed of the cretaceo- 
oolitic strata, are interlaced with dikes like a spider's web, to an 
extiht which I havg never seen equalled, except in the denuded 
interior of a volcanic crater : north and south lines,, however, pre- 
dominate. Tliese dikes are composed of green, white, and blackish 
rocks, all porphyritic with feldspar, and often with large crystals of 
hornblende. The white varieties approach closely in character to 
andesite, whicli composes, as we have seen, the injected axes of so 
many of the lines of elevation. Some of the green varieties are finely 
laminated, [)arallel to the walla of the dikes. 


Sucth Axis of Elevation (^Vallej/ of Copiapo^,'’^\n^ axis consists 
of a broad mountainous mass (^O] of andesite, composed of albite, 
brown mica, and chlorite, passing into andesitic granite, with quartz . 
on its western side it has thrown oflT, at a considerable » 

thick mass of stratified porphyries, including much epidote iN Nj, 
and remarkable only from being divided into very tbm beds, as 
highly amycrdaloidal on their surfaces as sub-aerial lava-streams 
are often vesicular. This porphyritic fonnation is conformably 
covered, as seen some way*up the ravine of Jolquera, oy ® 
remnant of the lower part of the crctaceo- oolitic formation LM in J, 
which in one part encases, as represented in the coloured ^ction, the 
foot of the andesitic axis of Ihe alfteady described fifth line, and 
in another part entirely conceals it : in this latflr ^se, the gypseous 
or oretaceo-oolitic strata falsely apjieared to dip under the porphyritic 
conglomerate of the fifth axis. The lowest bed of the gypseous 
formation, as seen hero [M], is of yellowsh 
precisely like that of Amolanas, interlaid m i»rts y®™® 

evDsnm^ and including layers of the black, calcareous, non-dssilo 
flate-rook: the Turriltla Pecten 

wmama, mr. and some Gryplutes were embedded m these la^rs. 
The^andstone varies in thickness from only twenty to ^ ^ 

and this varia^on is caused by the inequalities m the upper 
an underlying stream of rurjilo clayetone porphyry. Hence the above 
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foitib Itoro lie ai the xttf baae of iba gypeoui or iteUo(KM>otitic 
finnation, aiul heiiro tUoy wero probably oooo covered op by atrata 
about 7«O0O ill tUicktioea: it it, however, j^oeiibb, Uiough from 
the itaUire of alt the other eeciioim in Ihia diainct not probable, that 
the |ioq»hvfiiio clayttono lava may in tbia mm IntvA invaded a higher 
level ill iha »eriea. Aln^ve the aaiuktoneMIhere fai a eonaiderable luaas 
of iiuich indarated, ptir|dHli- black, ealcariK^tia t^Ofratoiie^ allied in nature 
to the (iften-tiieiitionc4l black calcareous alatc^rock. 

Ka t^ard of the brtvad andesitic axis of this sixth line, and pene- 
iratctl by tuany dikes from it, there is a great fortnaiioti [P] of 
inica-«chist, with iU usual variatit»na, and f)aafiing in one part into 
a ferruginous <|uarta-rock. The folia arc curvcil and hijf^dy inclined, 
generally dipping eastward. Ilk probable U»at this niica'««hi»t k 
an i>ld formation, connected with the granitic rocks and inetamoq>hic 
scisku near the cmifi ; and that Ui« one fragment of rnica^slate, and 
the pebbles of rjuartx low down in the gypwjona fr#ination ut I^s 
Ainolanas, ha%c l>ecn derived frt>m it. The mica-tchkt is succ<!<?<1t*<l 
hy stralibnl jKiqdiyritic ctmglomcrate f gJ^'Ot thickness, dipping 
eastwartl with a high inclination : I ha%e included thk latter mouii' 
tain«niass in tliC iwime anticlinal axk with the j^>rjdiyritic strearuM 
[]N N^; but I am far from sure that the two tnaeoee may nut have 
1*1 on iiidt jKndcnlly upheaved. 


AjeU t>f — !'r»x’wding up the ravine, we corno 

to amithcr mass (^It] of andesite ; and beyond this, wo again l»avi? 
a very tldck, stralihtd porphyritic formation dipping at vi small 
angle eastward, and forming the l>asal part of the main Cordillera, 
1 did not Oifctud the ravine any higher; but here, near Casta hvs I 
evaminnl several ecctions, of which I will not give the details only 
<»b-erving, that the porphyritic beik, or submarine lavas, prepmdtTate 
greatly in bulk over ibo aUemating se«iimcntary layers, which have 
brrn but liillo meiam»>rphoi»ed : ihvm latter consist of tine-grained 
r<H| tnfis and of whitish volcanic gritstones, together with much of a 
singular, compact rock, having an aiino^ crystidlinc Imis, finely brec- 
ciated with and green fragmmiis, and occasionally including a hvv 
large |R'bblcs. The porphyritic lavas arc hijjbly aniygdaloidal, both 
on their up|H^r and lower suffaccs i they ronstsi chiefly of clay-stone 
j>orphyry, but with pne conyinion variety, like sowe of tho strt'ams at 
the Puente del Inca, havipg a grey mottled basis, abounding with 
cry's tak of red hydrous oxide of iron, green on«« apparently of cpidotc, 
and a few glassy ones of fehk{>ar. '^rhia pile of strata differs con- 
siderably from the basal strata of tho Cordtilem in central Chile, 
and may possibly belong to tho upper and gypseous series : I 
hf)wcver, in the bed of tho valley, one ftTOgmeiti of jwqdiyritic 
bn ccia-conglomcrate, exactly like thooo gtcat maasea mot with »n 
the more southern partsa>f Chile. 

b'inally, 1 must olisenre, iliai though I have described between the 
town of CopiajM) and tho western Hank of the main Oordillera, seven 
or eight axes of elevation, extciidifig nearly north and south, it iUU5»t 
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not bo supposed tliat they all run continuously for great distances. 
As was stated to be the case in our sections aci;pas the Cordillera of 
central Giiile, so here most of the lines of elevation, with the exception 
of the firsts third, and fifth, are very short. The stratification is every- 
where disturbed &nd intricate ^ nowhere liave I seen more numerous 
faults and dikes. The wltole district, from the sea to the Cordillera, 
is more or less metalli^'i^ous ; and I heard of gold, silver, copper, lead, 
mercury, and iron veins. The rnetamorphic action, even in tlie lower 
strata, has certainly been far less hero than in central Chile. 

Valley of the Despolflado . — This great barren valley, which has 
already heed alluded to, enters the main valley of Copiapo a little 
above the town : it runs at first northerly, then N.E., and more 
easterly into the Cordillera; I followed its dreary course to the foot 
of the first main ridge. I will not give a detailed section, because it 
would bo essentially similar to that already given, and because the 
stratification is exceedingly complicated. After leaving the plutonic 
hilit near tlie town, met first, as in the main valley, with the gyp- 
seous formation having the same diversified character as before, and 
soon afterwards wuth masses of porphyritic conglomerate, about 1,000 
feet in tliickncss. In the lower part of this formation, tlicrc were 
very thick beds composed of fragments of claystone porphyries, both 
angular and rounded, with the smaller ones partially blended together 
and the basis rendered porphyritic ; these beds separated distinct 
streams, from sixty to eighty feet in thickness, of claystone lavas. 
Near Paipoto, also, there was much true porphyritic breccia- 
conglomerate : nevertheless, few’ of tiiesc masses were metamorphosed 
to the same degree witli the corresponding formation in central Chile. 
I did not meet in tliis valley with any true andesite, but only with 
imperfect andesitic porphyry including large crystals of hornblende : 
numerous as have been the varieties of intrusive porphyries already 
mentioned, there were hero mountains composed of a new kind, 
having a compact, smooth, cream-coloured basis, including only 
a few crystals of feldspar, a*d mottled with dendritic spots of oxido 
of iron. There were also some mountains of a porphyry with a 
brick-red basis, containing irregular, often Icfts-shaped, patches of 
compact feldspar, and crystals of feJdsppr, which latter to my sur- 
prise I find to be orthitc. ^ • 

At the foot of the first ridge of the main Cordillera, in the ravine 
of ifaricongo, and at an elevation, which, from the extreme coldness 
and appearance of the vegetation, I estimated at about 10,000 feet, 

I found beds of white sandstone and of limestone including the Pecten 
f}afreynoyiy Tei'ehratula wniyftia, and some Gryphites. This ridge, 
throws the water on the one hand into the Pacific, and on the other, 
os I was informed, into a great gravel-covered, basin-like plain, in- 
cluding a salt-lake, and without any drainag«5-cxit. In cros^^ing the 
Cordillera by this Pass, it is said that three principal ridges must be 
traversed, iiisitidd of tw o, or only one as in central Chile. 

The crest of this first main ridge and the surrounding mountains, 
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with the excepibfi of « few lofty piDii«cl«ii» tm by a great 

thiekneM of a boriatnially sirtitfiiHl, lufecoo^ l^o lowest 

bed ti of a (mle piiq>ie e^our, hard, fitio*^raiued, and full of broken 
cryaUW of feldapar and acafea of niica« The middle bed U coarser 
and Um hard, and hence wealbem inUi very akarp ptiitiaeka; it iit-* 
rittdea many small fragmenU of grantie, and^tnnumeriWe ones of all 
mw9 of grey Yeaiealar trachyte; aome of which distinctly roundcHl. 
The uppenuosi bed is aimut 200 in tbkkmne, of a darker colour 
and ap}>areutly hard ; but I had not time to aset^vd to it* These 
three hurmiital beds may be seen fur Ute distance of iiiatiy leagues, 
csfjH’ciaJiy westward or in the direction of the Pacific, capping the 
sunimits of the motmiaim, and standing on the opposite siilits of the 
immense valleys at e:saclly corrr#p<nuliiig heights. If united they 
w ould furui a jdain, incliiKd very slightly towards the Pacific ; the 
bidji bt^oim? thinner in ihU dinctiuii, and the tuflT (judging from om 
puint to which 1 ascendeil, iH>me way down the vaney) fincr-graiutd 
and of Im specific gravity^ though •‘till nmipaci and soiioruus uyder 
the haiiitner. The gently ineliiH'd, alunstrt horiawmtal. slratificAtion, 
tlie prff«*ynce of some rounded pc*bhlcs, and the compactnesa of the 
lowest bed, though rendering it prolnable, would not have c^mvinml 
me that ihb mass liad lieen of suba<|ueous ongin« for it is known 
that vulcanic ashes faliing on land and inoistine«l by rain often 
Ijocuine hard and stiatifiiril ; but thus uriginaiing, and ow ing 
their con»olidati<>ii to atmuppheric moisture, would liave covert »i 
aiinobt equally every nelghljM Hiring ^mniuii, high and low, and would 
not have left tliosc alKivi* a certain exact ievei absolutely bare; this 
cireumsttaucc m'liis to me to jjruYo that the volcanic ejcclioini were 
arrested at their preiw'Ut, widely extended, equable level, and there cou- 
solidated by some other meaii^ than sinipio atinwpheric moisture; 
and tliis no doubt iniiHt have been a slier i of water. A lake at this 
great height, and witlioui a barrier on any one side, is out of the 
rjuestiuii ; consequently we fiimit conclude that the tufoceous Uiatter 
was ancieiUiy depfjsited bem^atb the ma, U was certainly de|><»sitcd 
before the excavation of tlie valltws, tir at least before their fiiud 
eulargcmcni ;• and 1 may add, that Mr. I^inbeit, a gentleman well 
acquainted with ihS connlry, informs me, that in ascending tho 
ravine of Suniandrui* (whioli branchea off from the DespobUdo) h<* 
met with strcums of lava and much cnipted matter capping all the 
hills of granite and {Hjrphyr)\ with the cxccplioti of some projecting 
points ; he, alno, r« market! tliat the valley* had been excavated suh- 
aeqiieiuly to tlim eruptions. 

*Jdii« volcanic fonnation, which I ant informed by Mr* 
extendn far northward, is of interest, as typifying what has takcu 
j lace on a grander scale on the corawjwiidinh western side of the tor- 
ililli ra <jf Pt rii. Under another point of vmw, however, it possc*^ 
a far higher inicrett, al confinning iliat condusion, drawn (totn iu® 

• I hvys frmlesvottrsd to ibow in rov Jouros), 0ic. (2d imUO p* *^*V^*;n 
»ri<l vaHey w** i«fi hy ||]0 jrotrimtiug set, i« tilt itad tlowlv rose# la the 

wliicb wt now ite ii, ^ 
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etructure of Uie fringes of stratified sbicgl^ which are prolonged from 
the plains at the foot of the Ccwrdillera far up the valleys, — namely, 
that this great range has been elevated in nftss to a height of 
^tween 8000 and 9000 feet ;• and now, judging from this tufaceous 
deposit, we may include tliat the horissoutal elevation has been in 
tlie district of Copiapo about 10,000 feet. 

ft 

In the valley of tlio Despoblado, tlie stratification, as before re- 
marked, has been much disturbed, and in some points to a greater 
degree than I have anywhere else seen. I will give two cases : a 
very thick mass of tiiinly stratified red sandstone, including beds of 
conglomerate, has been crushed together (as represented in the wood- 
cut) into a yoke or um-foniied trough, so that the strata on both 
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skies have been folded Inwards: on the right hand the properly 
underlying porphyritic clfiystone conglomerate is seen overlying the 
saiulstone, but it soon becomes vertical, and then is inclined towards 
the trough, so tliat the beds radiate like the spokes of a wheel : on 
the left iiand, the inverted porphyritic conglomerate also assumes 
a dip towards the trough, not gradually as on the right hand, but by 
means of a vertical fault and synclinal break ; and a little still furtlier 
on tovards the left, tliero is a second great oblique fault, (both sltown 
by tlie arrow-lines) witli the strata dipping to a directly opposite 
point : these mountains are intersected by infinitely numerous dikes, 
some of which can he seen t® rise from hummocks of greenstone, and 
can bo traced for thousands of feet. In the second case, two low 
ridges trend together and unite at the liead of •a little wedge-shaped 
valley ; throughout the right-hand ridgf, the strata dip at 45° to the 
east ; in the left-liand ridge, we have the very s§me strata and at first 
with exactly tlie same dip; but in following this ridge up the valley, 
the strata arc seen very regularly to become more and more inclintd 
until they stand vertical, they tlien gradually fall over, (the basset- 
edges forming symmetrical serpentine Hues along the crest) till at the 
very head of the valley they are reversed at an angle of : so 
that at tliis point the beds have been turned through an angle of 135 ; 


^ ♦ I may here mention that on the south aide ^ the ® W 

near Fotrero Seco, the mountains are capped by a tlftck mass ot 
rd ahS aTa height which I estimated at between 1500 and 200© feet a^ve 
the bed ofthevtJIley.^ This shingle, I believe, forms the edge of a wide plain, 
which stretches southwards between two mouiuam ranges. 
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siDd here tiiere ti t kind \>f aniiclitml axle, wUlt tlie 4niU on liotli 
ftidee dipping to oppoeito fKiiiiU at an angle of 4^^^ but with those on 
the left iiaod tipiiol^dowii. 

Oh l4a of lie Pm^pkyritk Ckn^tom and Orts^n- 

Lam * : — lu central ChUe» fr^nn the extreme metaniorfdiie actitm, 
it is in mcMit parts dtffictili to distiugniah betwfm the aireama of }H>r- 
phyriiic lava and the purphyritio breecia^ott^oinerate^ but here, at 
Coptapo, they are generally perfectly dUiinct^ and in the Deepohlado, 

1 eaw fur the ftmt time, two great strata of purpio cUystone por- 
phyry, after having Uvn for a considerable «{>aco cloeely uniicd 
together, one abjve the other, liecome separaUHl by a niaas of frag- 
mentary matter, and then Wth thin out ; —the bwer one more rapidly 
than the upptrr and greater streaiiK Co«i*idering the nunilK^r atid 
thickness of the streams <d |K>r}>liyriiic lava, and itie great thickm'ss 
of ihe IkscIs of bre<eia-c^>nglotnerate» there can W litth'tdonhi that the 
'^imrctMof eruption iimsi originally have Invo numerous : ncvertlicle>'*, 
it U now im>*t difhcutt even to ctmji»cture the pn>che point of ^ny 
one of the ancient submarine craters. I have repeatedly ob^i'rvrd 
inonntains of fK^qdiyries, more or di»»tinctly ^Iralilieil toward?^ 
their or on their fUitks, without a trats* of Himtification in 

their central and bacil f»arU : in most I Injlieve tiii-* is Kiinjdy 

due, either to the obliterating efb-cts f»f inetamorphic action, or to 
such |arts ha\ing mainly furm»Hl of intrusive por|>l»yTlt‘s, or to 
lw>th causes conj'»ifn’^l ; in some instances, however, it apj»eared to me 
very pnihabic that the great central uiistmtifred of poqdiyry 

were the now lartially demuhol tmclci of the old subimuine v<dcan‘>s, 
and that the stratifusi fKirts marked the points whence Uu; streams 
fl(jw€d. In one cam* alone, and it was in this valley of the 
poblado, I was able actually to trace a thick stratum of |»nrplij<l» 
porj^diyry, which for a space of some milc^ confonuahly overlay llie 
aitemntirig iM'dM of brecci»a conglomerates and clayatone lava**, 
until it became united with, and hlcmled into, a m<>ttntaino«« 
of varitiiH nnstraiified jHirphyries. 

The difbculty of tracing the atri’ains of porphyries to their anci<*iit 
and douhtlcM nuim'rotiH eruptive ♦‘Oiirces, may bo jairtly explaincsl l>y 
the very general diMiurbaiico wbicfi thi? Conlillera in most parbi has 
suffered ; but I strongly suspret that ttiere ia a more specific ent^e, 
namely, Ma/ on/flnni ^minU of rmptian Und to Ms pdnis 

uf inf riion. 'Ibis in itself docs not mnit improbable ; for where the 
tMrih's cnist has once yichh^d, it would be liable to yiel«i again, though 
the lirpiefied intrusive matter might not Ixi any longer eiialilcd to 
reach the sulitiiarine surface and flow aa lava. I have b^ W to 
conclusion, from liavin^ »o fr€«|ucntly ofwjci^ved that, where part of 
an un«tratifitsl tnotinta!n«maa<i rtwmbh^l in tutneralogfcal charactor 
the adjoining atreaina oj strata, there were acveral other kinda of 
intrusive por[)hyrU^ and andeaitic rocks injected into the same points. 
Aft thcfte intrusive motintain^masaca fonn moat of tba ajce*-li«e« ui 
the C urdillera, whether anticlinal, unicltnab or aynclinal, and a« tlia 



iqUICiUE, PEKU. 


233 


cuAii^ vni.]] 

main valley%liave generally been hollowed out along these lines, the in^ 
tnisive masses have generally suffered luiicli denudation. Hence they 
are apt to stand in some degree isolated, and to be*situated at the points 
where the valleys abruptly bend, or where the main tributaries enter. 
On this view of *tbere being a tendency in tlie old points of eruption 
to become the points of subsequent injection and disturbance, and 
consequently of denudation, it ceases to be surprising that the streams 
of lava in the porpbyritic claystone conglomerate formation, and in 
other analogous cases, should most rarely be traceable to their actual 
sources. 


fquigmf Southern Differently from what we have seen 

tbrougliout Chile, the coast here is formed not by the granitic series, 
but by an escarpment of the porphyritic oonglomcfate forn)ation, 
betw'een 2000 and 3000 feet in height.* I had time only for a very 
short examination ; the chief part of the escarpment appears to be com- 
posed of various reddish and purple, sometimes laminated, porphyries, 
itJfcmbling those of Chile; and 1 saw some of the porphyritic breccia- 
conglomerate ; the stratification appeared hut little inclined. Tlie 
uppermost part, judging from the rocks near the famous silver 
mine of IIuantajaya,t consists of laminated, impure, argillaceous, 
purplish-grey limestone, associated, I believe, with some purple 
sandstone. In the limestone, shells are found: the three following 
species were given me : — 

Lucina Americana, E. Forbes, PI. V. fig. 24*. 

Tcrebratula inca, do. PI. V. fig. 19, 20. 

eenigma, D’Orbig, PI. V, fig. JO, 11, 12. 

This latter species we have seen associated with the fossils of which 
lists have been given in this cl)apter, in two places in the valley of 
Coquiinbo, and in the ravine of Maricongo at Copiapo. Considering 
this fact, and tlie superposition of these beds on the porphyritic con- 
glomerate formation ; and, as wo shall immediately see, from tlieir 
containing much gypsum, and from tlieir otherwise close general 
resemblance in mineralogicifl nature with the strata described in the 
valley of Copiapo, I have little doubt that tiicse fossiliferous beds of 
Iquique belong to the great crctaceo-oolitic* formation of northern 
Chile. Iquique is situated seven degrees latitude north of Co- 
piapo ; and I may here mention, that an Ammonites, nov. spea, and 
Astartc, nov, spec., were given me from* the Cerro Pasco, about ten 
degrees of latitude north of Iquique, and M, d’Orhigny thinks that 
they probably indicate a neoeomian formation. Again, fifteen de- 
grees of latitude northward, in Colombia, there is a grand fossiliferous 
deposit, now well known from the labours of \ on J3ucl), Lea, a Or* 


* Tlie lowest point, where the rond crosses the coast-escarpment, is 1,900 
feet by the barometer above the level of the sea. . 

t Mr. Bollaert has described (Geolog. Proceedings, vol. ii. p, 698) a singular 
mass of stratified detritus, gravel, tmd sand, eighty-one yards in thickness, over- 
lying the limc^toce. and abounding with loose musses ot silver ore. Ihe miners 
V©lieT6 that they can attribute these masses to their proper veins. 
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btgtiVy and Forboa, wliiah IUlong« to Iba cariiofT »tiigca» of tho cro* 
taceou« njrsiotii* lleooo^ liearing in mind ibo ehtraoUr? of ibo f^w 
from 'rui'fa dol Fueg«s Utt'w i* »omo ovidvnce that a great 
pirtiuti of tbo »tnitiH<«d do|>o«iu of ibo whcJo vto»t rango of tbo 
i!k>uth Aniohcaii Cordillera, bobmga to about Uio^^imiuio goulogical 
epochs 

Proceeding from the coa»l->exaf|>nient inward#^ t croaaed, in a apace 
of alH>ut tliirty nab*a, au elevabnl uodulatory dialrict, wiiti tlie 
dipping in various direcUooH. The rocks are of many kmdat-^wbtte 
laniiiiated, aoiiteiimcs sta«dati>iM%«— -purple and red aandsione^ 

ai>mctiiiies »o higbly c»lcafe<m» as to have a crystallitic fracture, — 
argillaco«>us liincstuuc, — black cakartoiu i^liitc-rock, like tbat so often 
deticriixHi at Copiap> and other piicw, ibiniy lamiitaud, bne- 
grained, gretnish, indurated, sixlimciilary, fumble approacliiug 

tu character to the s<^caUtd pseudo -honei^tone of (.'bib?, itieftiding tbiii 
c*>eitcmjH>miH‘f)iH %ei»s of gy|iM*ufi»,— and lastly, inutb calcare^uis 
laininatevi porcelain jas|K*r, of a green colour, ith red s|K»i«f, luid of 
calrviucdy easy fu^^ibihly : I noticed one conforirnablo stiaiutn of a 
frcckleibbrown, feld.-^patbic lava. I may here mention iliat 1 lu^rd 
of great beds of gyp^^um iu the (VudiUera. 'HiC ?>nly novel point in 
tbU formation, U the prnKince of innnmerabk' thin layers of rock-iijaU, 
alternating hiiIi the laminated and hard, but •Mmictimea earlby, yel- 
lowish, or blight rvil and ferrugiiums KVudstoiK^,, Hie tiiickest laur 
of sail was only t'vo inrl»??a*, and it ihiiuoHl out at both ends, (hi 
one of these salifcriOH ihuh^k's f noiiced u stratum about twelve ft'tt 
thick, of dark-brown, hard, brecciatrd, easily fusible rix'k, conuiuiug 
grains of quarts and of black oaidc of ir«in, togctluT with nunu roui 
imperfect fragiiicntJH of 1 he problem of the origin of salt is 

fio oliscurc, that every fact, ?weii get^griiphicul h worth 

recording.* With the exception c*f tl.ese s;difcrous Usb, in«>st td lh« 
r^K'ks, as already remarked, prtw’nt a striking geneml resemblance 
with the upper parts of the gypseous or c re Ucec- oolitic foniiatiou of 
Chile. 


Mt'Utiii/croujf !><>♦#» 

I have only a few* nnnarks to make on this subject: in nine 
mining tlistncis, some of theni of consblirable extent, which I vi^it^d 
ill ccwrro/ (yhilo, I foui;d the veiii« ntuning from btdwcin 

* li lA Will kno'»irn iht* vtmifind <mUi i* f«am) in Ni-vcrai pliiv>« <ni ih<> »hor«iS 
of Vf»r\t, 'f b« iftlsvnd of Hao Lan«n»o, off Luna, u compoood of a pile of tiun 
•train, about $0(j feet in ihickn^iMk, coiki)km(<k1 of ynUowi»h and otirph»b. Iionl, hiIi* 
cer»u<i, or eerfby iAndetooee, AUirroAftri|f w»th iLin l«yeni of tbaW, wbteb in 
p«ivsw‘ji into a gteeTiuih, ftemnirorcetUmo, foaiLW rock. Thens aio ictne ibui beti« 
of re(ifink)i mudarone, and Sou ferrugiiioiia roltefevtonss, with Uyor« ol 
In noarlr all vsrieCtss. espectalty m ibo iKirier*i»iid»too«(*, ihero oro 

mi'nm* thm ai>iima of rock-salt: 1 was tnforrnod ihatWe layer Haa bi'eo f«n«d 
tHo iiicbca m thickortsa. The,fiisrif>frr in which th« lufiiutcst ftaswresof tbs disJo' 
twu-d hsd* ltair« boon psfiairsted by the salt, appsrefttiv by «ttbs#uus«t inblun* 
tion.is »vry runutis. On tbs sotilh sido of tho talstnf, layers Of coal sna <'• 
impurt; \un« ),A«„ Won diftf-osared. lienee a w here h .vs s*ib, a«d 

a*ji<A i/n*-d fogstlor. *phs strata includ# vslns of <|usrts, raiboiiaia of lu»*» 
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[]N. and N.W.] to []8. and S.E.] :• in some other places, however^ 
their course appeared quite irregular, os is said to be generally the 
case in the whole valley of Copiapo : at Tainbillos, south of Co- 
qiiimbo, I saw one large copper vein extending east and west. It is 
worthy of notice, that the foliation of the gneiss and raica-slate, and the 
cleavage of the altered clayslatc, where such rocks occur, certainly 
tend to run like the fpetalliferous veins, though often irregularly, in a 
direction a little westward of north. At Yaquil, I observed that the 
principal auriferous veins ran nearly parallel to the grain or inipm^ect 
cleavage of the surrounding granitic rocks. With respect to the dis- 
tribution the different metals, copper, gold, and iron are generally 
associated together, and are most frequently found (but with many 
exceptions, as we sliall presently see) in the rocks of the lower 
scries, between the Cordillera and the Pacific, namely, in granite, 
syenite, altered feldspathic clayslate, gneiss, and as near Guasco mica- 
schist. The Copper- ores consist of sulphurets, oxides, and carbonates, 
squietimcs with lamince of native metal : I was assured that in 
some eases (as at I^nuncillo S.E. of Coquimbo) the upper part of 
same vein contains oxides, and the lower part sulphurets of copper.'t 
Gold occurs* in its native form ; it is believed that, in many cases, 
the up])er part of the vein is the most productive part : this fact, 
probably, is connected with the abundance of this metal in the stra- 
tified detritus of Cliile, which must have been chiefly derived from 
the degradation of the upper portions of the rocks. These superfi- 
cial beds of well-rounded gravel and sand, containing gold, ap- 
peared to me to have been formed under the sea close to the beach, 
during the slow elevation of the land : SchmidtmeycrJ remarks that 
in Chile gold is sought for in shelving banks at the height of some 
feet on tlie sides of the streams, and not in their beds, as would have 
been the case had this metal been deposited by common alluvial 
action. Very frequently the copper ores, including smno gold, are 
associated with abundant micaceous specular iron. Gold is often 


orul iron pyrites; they have b^eii dislocated by an injected mass of greenish- 

orllv irsalVabundant on the extrenie western limits of the between 

the (^ordiUera and the Facitic. but, according to HeliSs, it is found in the outlying 
low hills on the eastern flank of the Cordillera. These facts appear to roe op- 

Sir «. Murchison’s Anniversary address to Oeolog. diVeclion of the 

•These mining districtsareYaquU^ 

chief veins, to which °''>y 8^!; in the C. de Prado, ^t is 

range, the prevading line ^ ^ d S. by E. ; at Los Homos, 

N.N.W. and S.S.E. ; nea^ lUaiiel. «t is ft. by y ^ j! , C. de 

the direciion varies ^ \v id S.S.E.; at pinunciUo, it is 

Jouni. vol. xi. p. 

t Travels in Chile, p. 
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fn«nJ 111 ifon^pyrUef : at two gold at Yamiil (mw Xaijcagun), 
I wiw informed hy the proprietor tlut in one the gtild was ahvav.^’ 
aAmxnated with eoppr- pyrites and in Itm other with intrV 
pytilexf : in thia biter cnfe^ it i« said that if the mti to con. 

^n imn^pyritrft^ it in yH worth while to c^ntinnli the eewrch^ hut 
if the iron*pjrriiim^ whtm it reopfHSinra, U not nurifermiJi, it U betti^r at 
onee to give up working the vein. Although | Mieve copper and 
gold an? meet Cre<{u«ntly found in ilie lower mnitic and metainorphic 
»ch^||||oeo sieriea ; yet thene nteUU t^ccur both iu the }>orpliyntic cun- 
glomcnite formation on Uie tUnk^ of the IWll of QuiltoU and at 
iajuelh and in the eu|*<wincuiiiWfil Hmla. At Jajuel ! wm in- 
fortttetl iluii the copfiier-on\ with «ome g‘»hl, w found duly in tho 
grwn^toptp# and aitead feldapaihic cla\^»iatc, whicti alUriute wiih 
iho puf|de porphyiiiie 4 ro!*gloinerAt*>. S*w>ral gold veins and s >in<* 
of copp’^r-ore luv* worked in #^‘Vt^ral partn of the Uiijuilhita 
b ♦th in the inctaniorjdowiieKi widi h have l»een tdiown to havy 

bet n of probably »uIwk *1110111 origin t * tlw» m^Kioiiiian or gypMou-» 
formation of the main 1 ‘unlillerA, and in tlu* intrusive an*l<>itic »*>ckn 
of that range. At Ilortio** (N.K, of Ilbf»elh hkiO(\isi\ tlnrc 
are numerous veins of copiK r-pyrit*-** and of gohk both iit the strata uf 
the gypseous fonnathm and in ili«* injixtid hdk of aiuh^iti* and 
various porphyrii* 5 !i. 

^:^ilYi‘r, in the form of a chli»r>«h\ sulphur»Hi. or an amalgam, or In it'i 
native state, and asi^K*iat4*^l %vith lead atul <*thef m eta 1 5* * and at Anpu- 
rm with puiv^ native ro|iper, oicurs ehielly in the tipp-t^r gr*at 
gypsRsuis or creta€eo-4w»!iuc fonnati^m. which forms pn>habi) tin* rich- 
est mass ill Chile. We may instance the imiiing of 

Arquoros near i‘oquiiulw», and <*f nrarly the vs hole valh y of (*o{ iap'% 
and of Iquiqne (where the prineijal wins run N.K, hy K. and S.W . 
by W.), in Pern, [fence cimies MoUtias rvfuark, that ciilver 
in the cold and solitary ihmrts of the upper ( ‘onlillera. 'riicrc are, 
however, exwptiiHii to this rule : at Paral (S.K, of CiK|«indM.») siber 
is found in tin? p**rphyrttie conglomerate formal itui ; a« I sitsp et is 
likewise the case at S. iVlitji ds? N*>liuVo in the Pcuqucm*» 

Hich argentiferous lead is fouml in the clayalato of Uie Uspallata 
range ; and f saw an oil silver mine iti a hill of aycitite at the foot of 
the ikil of Quilioia : I was also as-suretl that silver has been found 
in the ande^viittc and fH>r)>hyri^ic region l>etwccii the town of C<»piap<^ 
and the Pacific. I have Htat^d tti a preidou* part of this chapter, tln'»t 
in two neighbouring iititursf at ArrpuToa the veins tn one wore pro- 
ductive when they travenurHl Ul<^ ringutar green sedimentary b«‘<K 
and unproiluciive when crossing the ntldiah beds; whereas at tin* 
other mine exactly the revemo taktm place : I have also dcseritoi the 
«ingii1ar and rare case of riumeroiis particica of native silver and of 
the chloride being disiterninated in the green rwk at the distance of a 
yard from the vein. Mercury f^cciim with silver both at Arcjncr<«i 
and at Copiapf> : at the ha^e of C. dc lo$ flornn# (y,E. of OHluind>o« 
a different pijure from lioa lionioS, before ineniimirny 1 saw in a 
syciiitic rock numerous quartaoxc vcins^ contaliiing a little cinnabar in 
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nests : tlicro Vere here other parallel veins of copper and of a ferni- 
gino-auriferous oro. I believe tin has never been^ound in Chile. 

From infonnation given me by Mr. Nixon of Yaquil,^ and by others, 
it appears tliat in Chile tliose veins are generally most permariently 
pnxluctive, which consisting of various minerals (sometimes differing 
but slightly from the surrounding rocks), include parallel strings rich in 
metals ; such a vein ^ called a veta real. More commonly the mines 
arc worked only where one, two, or more thin veins or strings running 
in a different direction, interseet a poor ‘ veta real it is unani- 
mously believed that at such points of intersection {criiceros\ the 
quantity of metal is much greater than that contained in other 
parts of thc*^ intersecting veins. In some cruceroa or points of intersec- 
tion, the metals extend even beyond the walls of the^ main, broad, 
stony vein. It is said that the greater the angle of intersection, the 
greater the produce ; and that nearly parallel strings attract each 
other ; in the Uspallata range, I observed tliat numerous thin auri- 
fcrriiginous veins repeatedly ran into knots, and then branched out 
again. I have alreif^ly described the remarkable manner, in which 
rocks of tlie Uspallata range are indurated and blackened (as if by 
a blast of gunpowder) to a considerable distance from the metallic 
veins. 


Finally, I may observe, that the presence of metallic veins seems 
obviously connected with the presence of intrusive rocks, and with 
the degree of metamorphic action which the different districts of 
Chile have nndergonc.t Sucli metamorphosed areas are generally 
accompanied by numerous dikes and injected masses of andesite and 
various porphyries ; I have in several places traced the metiUliferous 
veins from the intrusive masses into the encasing strata. Knowing 
that the porphyritic conglomerate formation consists of alternate 
streams of submarine lavas and of the debris of anciently erupted 
rocks, and tliat the strata of the upper gypseous formation some- 
times include submarine lavas, and are composed of tuffs, mudstones, 
and mineral substances, probably due to volcanic exhalations,— the 
riclmoss of these strata is highly remarkable when compared with the 
erupted beds, often of submarine origin, but not metamorphosed, 
which compose the numerous islands in thff Pacific, Indian, and 
Atlantic Oceans; for in these islands njetals are entirely absent, and 
their nature even unknown to the aborigines. 


Summar;/ on the Geological Hutorg of the Chilian Cordillera, and 
of the southern parts oj S, America, 

the commonest minerals in the mil travellers have given some strikiiiR facts on 
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[CHAP^ Yin. 

C iUtf distiiiios^ ars ooin|^io«s4, with ths sxonpiioii o( iho tstiisiy 
ioSt of meUmo^liio plniatite rocks, and tnon> or 

altered clayslatc« tni the floor of Iho cMsieaii lints csonstituU^d, vaiit 
streavos of variotts piirpUdi claystoiic and greonstont porphyries wert! 

i muanl forth, t<»^elher with great alternating piles of angnlar and rt>iind(xi 
ragnienis of similar rocks ejecte^l from the siibtnarine craters. From 
the compaclfK^s of the streams and fragments, it is pruhahle that, 
with the exemption of some districts in nortliefn Chile, tho ertiptiofiifi 
took place in profoundly deep water. The orifices of en\ptton apismr 
to have Is'eii sttiddetl tivcr a breadth, witli some oiilUcra, of from 
50 to 1 00 miles ; and chusely enough together, both north and 
south, and and w<‘st, for the ejecleii matter to form acouiituious 
which in central Chile b mom than a mile in ibickite«<!i. I 
traccl this rnOund-tike maiwi, for only 450 miles ; hut judging from 
what I t»aw^ at Iqni*pie, from »|>ecimen^‘, and from puhtbh<f"il account^ 
it ap[KaM to have a manifold greater length. In tba basal parU of 
the and c«p<s?iaUy towanls the flanks of the range, imid, sinm 

c<>nvert<*<I into a feldsjxathic slaty rock, and iwuiiciimcs into grc^nsttlno, 
wjws occasionally deposiUxi l>etwet*o the Ik*<U of cruple*l matter ; with 
this exrcption the uniformity of the jH)f|diyritic rocks b very re- 
mark ahle. 

At the periKHl wticn the claystone and grwmfftono jK)rphyries 
nearly or quite ceased being ertiptid, that grt'*at pile of strata which, 
from often abHindtng with gypsum. I have gtmmlly aille<l the fiyp- 
iMMujs formation, was dt'|x/siUHi, and feldspathic lavas, togethc?f with 
other singular volcanic rwk-s were «#cTasiof tally jMuireiti forth : I am far 
from prelending tliat any distinct line of demark atioii can be drawn 
between this formation and the underlying |K»rphyri<»» and rM>r|*hy- 
ritic oongltuii crate, but in a mass of studi great thickness, and betwKu 
bxls of such widely ditfrrent mitifralogical some divbion w:i« 

nmm'iry. At about the commeucement of the gypsoiius peritMl, the 
le>ttom «»f the here seems first to liave lK>en jneopled by sliells, not 
many in kind, but abounding in individuals. At the P. del Inca tho 
fo>vsiU are emlw^ildrl Df'ar the baM’ of the fcirmation ; in tho Peuquenc» 
range, at different IovcIjk, half-way np, and even higher in the series ; 
hence, in these ft«H;tion%. tho whole great pile of strata Wongs to tho 
same period : the same remark is applicable to the Ijcds at CN)piapo, 
wliicli attain a thickness of bdtivmi 7000 and flOOO feet. Tho fosj^il 
shells in tho CordillAa of Central Chile, in tlio opinion of all the 
))aifi.emtologists who have cjfamincd therm, l>olong to the earlier stages 
of the cretacreoiis system ; whibt in northern Chile there is a most 
singular mixture of cretaceous and oolitic forms : from the geological 
relatiuns, however, of these two districts, I catinoi but think that 
they all belong to nearly tlio same epoch, which I have provisionally 
calhr^l cn!tacco-ooliiic. ^ 

The HtmU in this fornyition, composed of black calcareous shaly- 
Tt>ek«, (if red and white, and sometimes siUcemis sandstones, of coarse 
ronglofnerutes, limestones, tuffs, dark mudsiofies, and thoao aingulaf 
fine-grained rocks which I have called pseudo-liofiesiottes, vast uada 



CITArt- VIH.] 


OF THE CORDILLERA. 


239 


of gypsum, 1^(1 many other jaspery and scarcely describable varietiee, 
vary and replace each other in short horizontal distances, to an extent, 
I believe, unequalled even in any tertiary basin * Most of these sub- 
stances are easily fusible, and )»ave apparently been derived either 
from volcanos stKl in quiet action, or from the attrition of volcanic 
products. If we picture to ourselves the bottom of the sea, rendered 
uneven in an extreme degree, with numerous craters, some few occa- 
sionally in eniption, out tlie greater number in the state of solfataras, 
discharging calcareous, siliceous, ferruginous matters, and gypsum or 
sulphuric acid to an amount surpassing, perhaps, even the existing 
sulphureous volcanos of Java,* we shall probably understand the 
circumstances under which this singular pile of varj^ing strata was 
accumulated. 'J'he shells appear to have lived at the quiescent 
periods when only limestone or calcareo-argillaceoifs matter was 
depositing. From Dr. Gillies’s account, this gypseous or cretaceo- 
oolitic formation extends as far south as the Pass of Planchon, and 


I follow’cd it northward at intervals for 500 miles : judging from the 
clAracter of the beds with the Terhratula wnigmay at Iquiqiie, it 
extends from 400 to 500 miles further ; and perhaps even for ten 
degrees of latitude north of Iquique to the Cerro Pasco, not far from 
Lima : again, we know that a cretaceous formation, abounding with 
fossils, is largely developed north of the equator, in Colombia : in Tierra 
del Fuego, at about this same period, a wide district of clayslate 
was deposited, which, in its mineralogical characters and external 
features, might he compared to the Silurian regions of North Wales, 
The gypseous formation, like that of the porphyritic brcccia-con- 
gloinerate on which it rests, is of inconsiderable breadth ; though of 
greater breadth in northern than in central Chile. 

As tlie fossil shells ill this formation are covered, in the Peuquencs 
ridge by a great thickness of strata, at the Puente del Inca by at 
least 5000 feet ; at Coquimbo, though the superposition there is less 
plainly seen, by about 0000 feet; and at Cojdapo certainly by 5000 
or 6000, and probably by 7000 feet (the same species there recurnng 
in the upper and lower p^rts of the series), we may feel confident 
that tho bottom of the sea subsided during this cretaceo-oolitio 
period, so as to allow of the accumulation, of the superincumbent 
Lbinarine strata. This conclusion is confirmed by, 
rather explains, tho presence of the liiany beds at many levels of 
coarse conglomerate, the well-rounded ^pebbles m which 
believe wtlre transported in very deep water. 

porphyries »t CopW<>. with their ^Tnkin^ 

not appear to liavc flowed under great pressure. The great »‘nK'ng 
niovclnent thus idainlv indicated, must have extended in a north and 
>ontli lino for nl lea«t WC P'o''"'’'? oo-eiton«>e »ilh 


jn.. -ofo^a V,. nnd tho on— 

* • Voo Buell’* Deicripl. Pliywque des lies Can.ries, p. 428. 



SiiO tiriiMAiir m TSK «rardrosK 

Uiat bnd ttdatod ki tUt fwriod bi tiie Mbj^^MHulwod. Tbia land, or 
mIium 1|| in Ihl tMOthfia pui «lf tlw dwtnal «C Coj^a^ nuik bare 
bm lOiBoat nxetmivalf eonfXMMd. Jiwlguig from uw natara of Uic 
iMsbUtM^ «kf grantla: in the aootlMm parts «f Cofb^ it nnst have 
been n^nljr fomied of cbijrstoiie poipbjrtioi^ tritii mrio mka-aciust, 
'and vitb mveh auHlstoiia and jaspWy rms otantlf iiko tbs rooks in 
the gfpsMma fonnation, and no douht hetoiiflag to its haeal serits. 
In eovrm oUter plaooe, also, durit^ the aconianlation of tlw fjrpseotis 
formation, its basal parts and the nndeil]diw porpbjrritie erraglo. 
merate moat hkewtae havo been alreadf pwli9lp npbMvod and ex- 
posed to wear and tear; near the Piwnts ^ Ifiaa ami at poqninibo, 
there moat have axiat^ maaaea of mkw-a^iat or aome auco rock, 
whence were 4oriTed ^ manjr wnaU prdibloi of opaque quarta. It 
fcdba-a fhnn tbaaa (keta, that in aoma parte of tlw ConlUien the 
upper boia of Um ffpseoua fomatkui lauat lie nnaontomuibly on 
the lower beds; and the whole gynseoua formation, tn*paria, uncon- 
formably cm ttw porphyriitc conglomerate ; although 1 saw no sttfsh 
cases, vet in many pla^ the gypaeoos formatiod S entiniy absent; 
and thi^ althonj^ no doubt gcnaiaUy caused by quite subsequent 
denudation, may ia otboia be due to Uw underlring iWT|)liyritic coii- 
glomcnite having been locally n(ifaeaved before tba naposition of thu 
gypseous strata, and thus having become tho aouiee of the pebbles 
of porjAyty embedded in tbem. In the porpbyritio conglonuraU! 
fomalion, in its lower and middle parts, thiw is very rarely any 
evhlenoe, with the eacejuion of the small quarts pebbles at iajuel 
near Aconcagua, and of the single pebble of granite at Copiapo, of the 
ftistenco of neighbouring land: in the upper parts, however, and 
especially in the district of Copiapo, tho number of ^orougfalv well- 
rounded pebbles of compact por]>liyTies make mo bidwve, that, os 
during the prolong accumulation of the gypseous fotmatiott the lower 
WU had aircatiy iM»n locally npbeaved and exposed to wear and tear, 
fto it was with tho porphyritic conglomeraK^ BcUco in following 
thus far the geological bistory of ili« Coidilkaa, H may bo infifrred that 
the hod of a deep and open, or nearly oparq oeaan waa filled op by por- 
phyritic eruptiona, aided pibbaUv braoina Maerai and some local ele- 
vations, to ttiat eompsratively sfialfow fcvw at winch ^ cretaoeo- 
oolitic ■hells first lived. At this pnriod, the aubmafins watort yielded 
at intervals a poKligious tupply « gypenm and othat minaial «hala- 
tions, and oocaaioniuly, in certain plai^ ponred finth tavis, obteflf of 
a foldspatbio nature: at this praiod, isumda clothed wiU» fir-trees 
and composed of |>orpbyrica, primary roslia, and the lower gyi^“* 
strata bad already bora looUly upbeavad, and agpoSad to the action of 
tlie waves i—tba genwal nmemmt, howaaar, at this tiina having 
twm over a very wide area, one of abw siUdfSOei, piuiMigad till the 

bed of the tea sank sovaral thonaand feat* 

In central Chile, after <he dtootdUon of a smitt tlHokwaa of tl>e 
gypi^ns strata, and Mtar their uphaavaL W v^ich the Oniohro and 
s«tjoining xangea were fonsad, a vast ^ of tuftoaoul «»«« •®“ 
submanno lava waa wontuntatod, whsia the tJ^palhite abala 
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stands ; also after tlie dcpoaitioii and upheaval of the equivalent g>’p- 
seouH strata of the Peuquenes range, tlie great thit;k mass of conglo- 
merate in tl»c valley of Tenuyan was accumulated : during the de- 
position of the Os^Allata strata, wc know absolutely, from the buried 
vertical trees, that there was a subsidence of some thousand feet; 
and we may infer from the nature of the conglomerate in the valley 
of Tenuyan, that a lirnilar and perhaps contemporaneous move- 
ment there took place. Wc have, then, evidence of a second great 
period of snbsiilence; and, as in the case of the subsidence which 
accompanied the accumulation of the cretacco-oolitic strata, so this 
later suh>id«ice appears to have been complicated by alternate or 
local elevatory movement — for the vertical trees, buried in the midst 
of the Uspallata strata, must have grown on dry land, formed by the 
upheaval of the lo\\(;r submarine beds. Presently I shall have to 
recapitulate the /acts sliowing tliat at a still later period, namely, at 
nearlv the commeiici iiieiit of the old tertiary deposits of Patagonia and 
of O^iile, the coiitineni stood at nearly its j)resent level, and then, for 
the third time, slowly subsided to the amount of several hundred 
feet, and was afterwards slowly re-uplifted to its present level. 


The hiirhot peaks of the Cordillera appear to consist of active or 
more commonly dormant volcanos, — such as iupungato, Maypii, and 
Aconcagua, which latter stands 23,000 feet above the level of the 
sea, and many others. The next highest peaks are formed of the 
irvpseous and porphvritic strata, thrown into vertical or highly in- 
ciined i>o-itions. P.Wides the elevation thus gained by angular dis- 
placements I infer, without any hesiUtion, — from the stratified gravel- 
friii'H's which wiitly slope up the valleys of the Cordillera from the 
orar. l-eanptKl pl.iuH at their base, whicl. latter arc connreted witli tlie 
r.lains still covered will, ri-cent shells on the coast.-that tins great 
ran-e has bw.. nid.eaved in mass, hy a slow movement to an amomit 
of at least 8000 f- ct. In the Ucspol.lado valley, north of C»p.apo, 
tlie l.orizontal elevation, judging from the compact, stratified, tu.a- 
eeous deposit, ea)>ping the distant mountains at corresponding 1 eights, 
was about lO.OoO feet. It is very possible, or*t.atlier probable, that 
this elevation in mass may not have bt'en stnctly lioria.ntal, but 
more eneroetie under tl.c Cordillera, tl.au towari.. the coast on either 
• i^^owertholess. movements of this kind may be convenient y d.s- 

i,! , r™„ 

iiiovemeiit in mass and that t y j j. j tension of the 

and having tl.u« upheaved strata, are seldom of 

o r, ,, 






to each mi rim in north and «uti^ linnr ; hni towank 
the flatikai tiioy o(j^ wUmd niofo or Ivm ohliqnety* The angular 
dtapbectncnt haa bceti tnneh more violent in the centiml itian in tlie 
ealerior fnntn Istiei ; hut it liaa likowiee been violmit in iome of the 
mimr lixm on the exitente flank#. The vtolettee haa been very 
iitioc|mU on the aanie short litiee ; tlie crust having apparently tended 
to yield on certain poiiita along the Um;a of fiafureaii. These points^ 1 
have endeavoured to sliow, were probably find fod of eruption, and 
after wants of injectird masBies of |¥>rpf»yry and aiidcaite.* The clone 
siutilartiy of the andettitc granites and porphyriest tlmuighoiit Chile, 
Tierra tkl Fiiego, and even in Peru, is very retiiarkaliU*. The prevalence 
of felds)mr ckuving like albiie, is eonuiion tmi only to the andueitea, 
hut (as ( infer frtmi the high atiihortiy of Prof, O. Rose, as well as 
from my own inmutireaHuits) to the various clayetoiie and green- 
stone |>orphynt!«» and Ui llie trachylic lavas of Uic f’ordillcra. The 
andtf!»itic rucks have in most cases Invim the last injected oncsfi, ami 
they prolialdy fonu a c^uitinuous dome under ibis grt^t range : liiey 
suiid in intimate relationfilitp with the nicjKh'Tn lavaa ; and they seem 
to liave been the iiimiediate agent tti luetaniorphtMiiig the porphyritic 
ev>tiglomerate fontiaitott, and ufleti likewi^te the gyiiacN^us strata, to 
the extraordinary extent to which they have suffertvl. 

With res}i4?ci to the age at whicli the aeveral parallel ridges com- 
|w>*ing tlie CWIillera wen? uptbrt>wti, I have little evi*k*ncv. Many 
of them may have Injcti conUmnwraneously elevatetl and injected, in 
the saiuc fiiannert m in vok'anic archi|jelagmss lavas are coiikm- 
|ioraneo!isly ejecUnl cm the parallel linc« of fiswfurc. Rut the jiebbloxi 
apparently tkTivcsi from tin? wtrar and tear of the [>or]il»yritic con- 
gloineratt^ ft^riiiatton, which are «xxWtotially present in the u[»j>er 
(^rts <»f this same furinaitoit and are often prt*ncift in the 
formation, together with the j>ebbk?*i from the basal j>arts of the 
latter ftirfuathm in its upj>cr strata, render it aJimiist certiiin tl»at 
}w»rtions, we may infer ridge*, of Uiese two formations were suC’ 
cfWisively iipheavcd. In the caae of* the gigantic Portillo range, 
we may f«d almost certain tliat a pre*exUting granitic line was up- 
raised (not by a sftiglc blow, as aliown by the highly inclimMi 
basaltic streams in tho vaU^^y on its eastern flank) at a fsiriml long 
siilnp^uent to the tipheaytmeiit of the fMirallel Peuquenca 
Again, snl>MN}ticnily to the uplieavomeiit of ilie Cmubro chain, tiiat 
of tJsjmliaia was formed wid elevat4wl ; and afterwards, I may add, 
ill th© plain of IJapallata, beds of sand and gravel were violently ui^' 

♦ JMr R, Murchison, sad his companions sisi# ((isning. Pros. vol. Hi. p* 747 )♦ 
tti»t tm tms i^rtnu# sppsars in iha lilgbst Ural ainutttainsi hiif that . 
prrsostnna — a roch closely analogous to our smlsslta^^is fsf the swisu* 
o» ih« intrusir# masssS. « 

» Volcauiic Istandf, he, hy ths Authof, p, 129. , . 

I I hsTs sfidsavoursd u> show in my iournal CM sdit.p. 321 ), th«^ *hs ****? . 
fjri of tho livor, which drains th# vsUsy hatwtwti tlissa tww fsflg««t P*fJ' * 
through the Pornllo end higher tins, is axpisiotd hy its slow and aiibse<jtts»J f 

tmn. Thera srs ntstiy snaictgous cases in ih# dtaioagS of rirsrs i s*# Kdiuw* g 
i^^w Phil. Journil fal. xxvUI. p. 33 and 44. 
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thrown. The manner in which the various kinds of porphyries and 
andesites have been injected one into the other, •and in which the 
infinitely numerous dikes of various composition intersect each other, 
plainly show that the stratified crust has been stretched and yielded 
many times over the same points. With respect to the age of the 
axes of elevation between the Pacific and the Cordillera, I know 
little : but there are sfime lines which must — namely, those running 
north and south in Chiloe, those eight or nine east and west, parallel, 
far-extended, most symmetrical uniclinal lines at P. Rumena, and 
the short N. W.-S. E. and N.E.-S.W. lines at Concepcion — have 
been Upheawd long after the formation of the Cordillera. Even 
during the earthquake of 1835, when the linear north and south islet 
of St. Mary was uplifted several feet above the surrounding area, we 
perhaps see one feeble step in the formation of a subordinate moun- 
taiti'axis. In some cases, moreover, for instance, near the baths 
of Cauquenes, I w'as forcibly struck w’itli the small size of the 
breaWies cut through* the exterior mountain ranges, compared with 
the size of the same valleys higher up where entering the Cordillera ; 
and this circumstance appeared to me scarcely explicable, except on 
the idea of the exterior lines having been subsequently upthrown, 
and therefore liaving been exposed to a less amount of denudation; 
From the manner in which the fringes of gravel are prolonged in 
\inbrokon slopes up the valleys of the Cordillera, I infer that most of 
the creator dislocations took place during the earlier parts of the great 
elevation in mass: I have, however, elsewhere given a ca^, and 
M. do Tschudi* has given another, of a ridge thrown up in Peru 
across the bed of a river, and consequently after the final elevation of 
the country above the level of the sea. 


Aseendinc to the older tertiary formations, I 
cai)itulate tlie remarks already piven at tlie end f 

—on tlicir great extent, especially along the shores of the Atlantic,— 
on their antiquity, perhaps corresponding with that of the eocene 
ileiwsits of Europe,— on the almost entire dissiinilanty, though the 
formations are apparently contemporaneous, of*tlie fossils from the 
eastern and western coasts, as is likewise ^le case, even in a sti more 
.„„k.d dog»-, with lin 

...ve v,» 1“ 

or 11.0 ....do. SV it" 1 1. k.«»o 

dered well worthy of notic » tertiary periods of Europe, and 

to have been the case during the o dcr tertiwy per 

likewise from the fact of ;t same^time with the northern 
n mnch later i>eriod Juable temperature, as shown by the 

hcmispliore, a colder or more eq i- recapitulate the 

.ones formerly affected bvK^aetjon.^ P^^ 

proofs of the Jp 800 feet during this tertiary period j 

.*7.1' ilt" . r. : V-- « -it. P. 

B i! 



(iVMUARX ON tm TKHTlAHIf roftltJ^TfON^ Vl||. 

ihi^ niovoflumi haring a|)pafriilly boen n^^xUnmtt^ nr nearly co- 
extentire, with Uve £»poaiijK of ihta age* Nor will 1 agfttn give the 
facia Olid reOieonittg on which the p^»|HM^iiioll woa founded^ that 
when itic bed of U)c oen in eillier eUttunary nr ri^fig, citcutii«ianet«e» 
are for lean (iirnurab)e» ituni nben itn lord la oinking^ to the iccntnu- 
loiion of conchiferoua dejwMitu of «nffick«il Uiiekiieaa, ealeti«tOft« and 
hardneon to wlieo nphtwred, the nrdtnafy raci omcHiiit of de- 

nudation. We have «eim that the highly remarkable fact of tiie 
alMmce of any fomiaiiciitii eonuiniiig recent ahells eiUier on 

tlm em»t4^n or weatern cnoat^ of tlm eontinen^^ibougli thcie ooorta 
now ala>uti<l with living u»oUuaca»— Uiimgli they are^ and apparently 
have always l>c«t% oa favoitniblo for the demolition of aediment on they 
were when the tertiary foriiialiotia were copiotwdy depoeited,— and 
though they have been nn!>eftve<l to an amount quite iufticieiit to 
Urtfig up j^irmta frotii ihi* d«qHha the tnoel fertile for animal life,— can 
lie expiatficd in acet^rdanm with the alnive pro}>oeiiion. Ac a deduc- 
tiMft« ti woe al#o alieiiipted to lie ahown, hrat, that the want of 
’NC’tjucnce in the fo^iln of anwfi^siive f«»rmati 0 iia, and of aucemive 
?*tage« in the oome formation^ would follow from the improhahility 
of the fuune area continuing alowly to aulwide from one whole period 
to .uiother, or even during a mnglc «iitim |h riod ; and lawndly, that 
rertain cp^ncht having In^en favoii'rahle at dnUMit poiiiU in the ftanie 
*|uacter of the world for the s^ynchronotia accumulatiofi td fortsiliferuiw 
would hdlow from movciiwuita of auh^hlencc having apprently^ 
like tlujse of elevation^ Cf>iiteni(>oraneoiiiily all*trU*d very largt^ »rea». 

T!»ere in anotiter (joint which dewve# muw notK«\ namely, the 
analogy the U(»fH?r j»aitik of the PaUg^unan tertiary forma- 

tion, wi well a« of the upjter (W)«»^ibly ouitcmporaiKHma betU at Cialue 
mid (.*once|M'ioii, with the great ^y(>»eoUH fornmtuui of Cordillera; 
for in both formations the rock#, in their fu-ih^ nature, in their con- 
taining gypAum and in many iHher cbaracter**, i>how a conncclion, 
either iiititnaie or remote, with volcanic acti*m : and as tlio atrata m 
b«>th were oixiuntilated during aubridence, it appears at firit natural 
t4» connect ihtii ainking movement with a aUte of high activity in the 
neighbouring volcanoi. During tlic creUiCiHvoolitic periorl tlii« cer- 
tainly appears to have Ixyti the cooe at the Puente del Inca, judging 
from the iiuiiiIm^ of^inten:iuated lava*«trrama in the lower 3000 
i»f ftimta ; hut generally, pie volcanic orifiixw occni at tbi» time to 
have oxiiftcd m aubmarino iiolfataraii, and were certainly quie»^c 4 ’«t 
cumpared with their atate during tlie oceit initiation of the jjorphyntic 
cNuigtomeraie formation. During the depoattion of the tertiary 
we know that at S. Crux, delngea of boaaltio lava were poured * 
hut m the«ie lie in tlie npper part of the aeries H mi jK>aaiWe 
AuUidence may at Uiat time have ceawjd 
aMcertaifi to what part Of the oeriiHi the 
U;4pal}ata tuBk and great utreavna of • 

iutermediau? in ago between the crotaceiMiolitio an® older 
h»nn Aliens and wo know from the buried tiwt that there 
great eubetdenco during their accumulatioil i but even in tin* 


: at Chilm*, i waa nnau.v ^ 
pile of lava* beloogi*d. 

lAtritA. were probaoiy 
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aubHidcnce nTay not have been strictly contemporaneous with tlio 
great volcanic eruptions, . for wo ^ust believe iti at least one inters 
caluted period of elcvatioa, during which the ground was upraised on 
which tho now byried trees grew. 1 have been led to make these 
remarks, and to throw some doubt on the strict contemporaneous- 
ness of high volcanic activity and movements of subsidence, from the 
conviction impressed mi my mind by the study of coral formations,* 
that these two actions do not generally go on synchronously — on 
the contrary, that in volcanic districts, subsidence ceases as soon as 
the orifices burst forth into renewed action, and only recommences 
when they ;^ain have become dormant. 


At a later period, the Pampean mud, of estuary origin, was depo- 
sited over a wide area, — in one district conformably on the under- 
lying oUi tertiary strata, and in another district iinconformably on 
them, after their upheaval and deiiudution. During and before the 
accumulation, however, of these old tertiary strata, and, therefore, at 
a very remote period, sediment, strikingly resembling that of the 
Pampas, was deposited ; showing during how long a time in this 
case tlie same agencies were at work in the same urea. The deposi- 
tion of the Pampean estuary mud was accompanied, at least ui the 
southern parts of the Pampas, by an elevatory movement, so that 
the M. Hermoso beds probably were accumulated alter the upheaval 
of those rouud the S. Veutana; and those at P. Alta after the up- 
heaval of the Moutc Ilcrmoso strata ; but there is some reason to 
suspect that one period of subsidence intervened, during wlncli mud 
was deposited over the coarse sand of the Barrancas de S. Gregorio, 
«,ul on the higher parts of Banda Oriental. The 
inals eharacteristic of this formation, many of winch differ as n i 
from the present inhabitants of S. America as do U.c eocene m^; 
inals of iLrope from tho present ones of 
certainly co-existed at B. Blanca with twenty 
onebalanus, and two coraln, all now living in the adjoining bta 
this is likowisc tho case in Patagonia with c^ai 

co-cxistod with eight shells, of hah ta- 

I will not repeat what I have elsewhere I.tls ei^ntii^ 

tion, food, wide range, and extinction of t ^ A.mencL. 

iiiainmifew, which at this late penoil mhaVitcd the two Ai 

1 • ♦i.aa allfdls cuibeddcd in tho old ter- 

Tlio nature and grouping that tho continent 

tiary formations of ’ I’ r. thorns below its present 



feet. The manner in which it na ^ second chapters, 

actual level, was described m ^ ^xores of the 

It was there shown that re^nt a iace of at least 

Atlantic, froml'iorta J“^,Jighfof about 100 feet in La Plata, 
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and of 400 feet in Patagonia. The rietatniy movementa on Uiie aide 
of tlie coniineoi ti&f e dow ; tod iho eot«t of Ptttgciiiit, op in 

the bttgltt in ooe ptH of s^50 tnd in toother of 1200 feot^ i» 
modelled into eight, gteti^ »tep-like* grtvel<^ai{^pt4 pltini^ etleoding 
fur hotidrede of niilet with the ittne heigbit : ikit fuel «bowt ihtt 
the pmodt of deiiiidtiioo (wbtcin jtidf^ng from tlio tmottnl of maiU^r 
removedi iimat have bonn h>iig*coiiti»tied) tUd of eteraison were 
t3n»chf0D0U9( over fttirpridiiglv great leogtliii of eomsU, On Uie eboroi 
of the l^ictfic, opraieed ehelm of recent ep«eiea» jpstimJiy^ though not 
alwayi, in the «anH> proportional nimilieni at tit the adjoining sea, 
have actually been found over a north and south spaoe 0f«2O75 
and there t« reanon to believe itial they occur over a »pnci* of 2480 
milm. The elevation on Uiis weetern side of the ci>ntinent liaa not 


been enuahh? ; at Valj^raiso, wtlltin the ^>eriod during which up- 
taise^l tuiella have remained nndecayed on the surfaae, it has been 
1300 feet, whiUi at (.VjuinilKi, SlWt luilm northward, it has been 
within this same pcrit>d only 252 feel. At Liusa* the land has Ih^rn 
nplifteil at least eighty-frei since Indian man inhabited that dis- 
Iriei; hut the level within historical timea apparently has subsided. 
At t*o<]uiiiibo, in a height of 304 the elevation has been inU‘T- 
rupted by live [wri*«is of cimiparative rent. At several places the 
land has l>ecti lately, or is, rising Indh ini^iisihly and hy 
sudden starts of a few^ feet during earthf|iiakc^shiicks ; Uiis 
that these tw*> kinds of upward tiiovcHiient art* intimately conmTUd 
togtJlher. For a !»*pace of 775 niilci*, recent shells are fotind 

on the tw«> oppnsiU' sidt*r of the continent i and in the 8«>tttla?m half 
of this space, it may lafcly infenvfi frf»in the sIojk* of the laud 
tip to the Cf^diUeia, and from the shells found in the central part 
Tieira <ltd Fiicgo, sod high up the river iiaiita Cm*, that the entire 
breadth of the contuient ha'* Ixsm uplifted. Fr«»m the 
eurrenci? on Iwith cf^asts of stKceastvtr lines of escarpments, of »a«d* 
duitcw and marks of er«j«in>n, we inusl ronchtdc? that lire elcvatory 
movement has l>ceti normally interrupUyl by jiertods, when the land 
either was stationary, or when it tme at so alow a rate a» not to 
resist the average denuding power of the waves, or when it suWded. 
In the case of the preaem qigh sea'cliJfs of Patagonia and in otlicr 
analogous instances, ro hav^ seen that the difficulty in understanding 
how strata can Ikj removed, at thnae depths under the sen, at which 
the currents and oscillations of ilte water arc depositing a^ sihootn 
surface of mud, sand, and silted pobblea, leads to the susphwdn that 
the formation or denudation oi such cliffs has been accompanied 


hy a sinking movement. 


In South America, everything lias taken 'place on a grand scale, 
and all geological phenoffiena are still in active operation* We 
how violent at the present day ilie carthnitakes am, have seen 
great an area is now rising, and the plains of tertiaql^ ^ 

^ alirtost straight line can he drawn from Ticna 
del Pliego for 1600 miles northward, and probably for a much 
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greater JistaAcc, which shall intersect no formation older than tlie 
l atagonian deposits ; so equable has been the upjieaval of the beds 
that throughout tiiis long line, not a fault in the stratification or 
abrupt dislocation^ was any wlierc observable. Looking to the basal 
inetamorphic and plutonic rocks of the continent, the areas formed of 
them are likewise^ vast ; and their planes of cleavage and foliation 
strike over surjirisingly great spaces in uniform directions. The 
Cordillera, with its pinnacles here and there rising upwards of 20,000 
feet above the level of the sea, ranges in an unbroken line from 
Tierra del Fuego, apparently to the Arctic circle. This grand range 
has suffered l^th the most violent dislocations, and slow, though 
grand, upward and downward movements in mass : I know not 
whether the spectacle of its immense valleys, with mountain- masses 
of once-liquefied and intrusive rocks now bared and intersected, or 
wlietlier the vijw of those jdains, composed of shingle and sediment 
hence derived, which stretcli to the borders of the Atlantic Ocean, 
is best adapted to excite our astonishment at the amount of wear and 
tear which these mountains have undergone. 

The Cordillera from Tierra del Fuego to Mexico, is penetrated by 
volcanic orificcMH, and those now in action are connected in great 
trains. The intimate relation between their recent eruptions and the 
slow elevation of the continent in mass,* appears to me highly 
important, for no explanation of the one phenomenon can be con- 
hidered as satisfactory which is not applicable to the otlier. The 


permanence of the volcanic action on this chain of mountains is, also, 
a striking fact ; first, wo have the deluges of submarine lavas alter- 
nating with the porphyritic conglomerate strata, then occasionally 
feldspathic streams and abundant mineral exhalations during the 
gypseous or crctaceo-oolitic period; then the eruptions of the Uspal- 
lata range, and at an ancient but unknown period, when tlie sea 
came up to the eastern foot of tlio Cordillera, streams of basaltic lava 
at the foot of the Portillo range ; then the obi tertiary eruptions ; and 
lastly, there are here and there amongst the mountains much worn 
and apparently very ancient* volcanic formations without any craters ; 
there are, also, craters quite extinct, and others in the condition of 
solfataras, and others occasionally or habitually in fierce action. 
Hence it would appear that the Corddlera, has been, probably with 
some quiescent periods, a source of vohcanic Aatter from an epoch 
anterior to our cretaceo-oolitic formation to the present day ; and 
now the earthquakes, daily recurrent on some part of the western 
coast, give little hopes that the subterranean energy is expended. 

Recurring to the evidence by which it was shown that some at 
least of the parallel ri)lges, which together epmpo^ the Cordillera, 
were successively and slowly upthrown at ^dely different penods ; 
and that the whole range certainly once, wd almost certainly twice, 
subsided some thousand feet, and being then brought up by a slow 
movement ia»mas8, again, during the old tertiary formations, subsided 
* On the Coniieciion of certain Volcanic Phenomena in S. America. Geolog. 


Transact, vol, r. p. 609. 



Sil ifTMiim m (ct^, vm. 

Mteni hniM tod igun wm brought np to iti promt leroi 

by t liow utd iiitrornptid rooromeat ; m m how opporod m 

t)iii ooropliadod biatoiy of cbai^ ihiwiy «{Rwted, to lb« viowi of 
thow fKdogiiti who b^vt thot tb'n gnit noaQtAin*obMB wm 
fuRiHMb Ute tinioi by a wigloblow* 1 uro M^Toorod olMwhefli 
to ibow,* that tho extonively dlitoibcd condttjoD of tht itnta in 
the Cordilkfa , » bw from iudicatiog lingio peri^ of oatnmo Wolroee, 
prewnti intoporabfe difficnltiai, exwpt on tho admiroioB that ttw 
QuuMf of 0006 liooeSed rockt of tho iin wm i^todly injcotd, 
with ioterridi wtmdeBlIy long for their nicmdro cooling and cooimk 
lidattoo. Finally, if wo look to tiw anali^ drawn firomitho change 
now in progiw in the earth'* cruat, whetiwr to (lie manner in which 
Tolcantc maKer ie erupted, or to llie manner in whkh the land ia 
historically known to have rhni and sunk ; or again, if we look to the 
vast amount of denudation whidi every |Mrt of tlie» Cordillera has 
obmnaiy mfferod, the chaugea through wliidi it t»aa been brought 
into ita preaent condition, will aptuwr neiUter tojbvo been too iloVIy 
effected, nor to have been too complicated. 

* Tnanct. y«t. v. ^ 


Not*.— Ai, both in PwM* •nil KnjsbiHl. (nmbitoiu of • p****!* 
Chreotwrg’i moaioir, ofioo refemd lo in ib# foortb chi{)(«t of «» volum*. b»»e 
•(imumI, tnpifinc iH»t Prof. IJuroolwre b*li«Vf<*, from lb* ebincttr of lim 
iniu*of», (b«t ln« I’tmpMn {omtuoo wm a«|io«t(Mi br ■ Mt’d^bicle nitbmgorer 
the Itnd. I mty ititt, no tb« toibontjr ol • Uuf to mv, tbii tbew trutlatioiu 
u« ineoTTMt. Tbe followioi i» ibr {«*Mig* to ((ontOou " Uuwb HwchioBj 
d«r iutiroMO(>iich«a Fomwn b*t Mcb mio tMirikn Immo, diw die Miitodonteo* 
U{(*t IS U PUta ond die Knu(b«a-Ug«t ts Moot* Hersow, w wi* dl* d*/ 
Kiw«n-Gdrtcl(bi»r« to don Dtioeolmii^eitt b«i iWbii PImc*, beid« io Pw^oniro, 
ontefiutdtrte bitbiicb* SuuwiMetbtlduoi^tfi litid, dt« aiMl web) liuimtlieb ttUB 
ob«n(«o Ploibcabiotb* dM M««n* is tiifmn PnUwMit |ibo(t«s’’— ^saafi* 
Vriri/m dtr A'Mfil. Aiad. tk., t» Btrlk mm Afrit l&tS. 
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Mactra?, rugata.— pi. II. fig. 8. 

Madra? testfi olhmgd, ienui^ turjidd^ latere antico alliore, rotun- 
dalOy poslko longiore, acumimto ; Ihieu incremnti rugas con- 
centrkas effarttMiitihut. 

The shell itself is changed into Gypsum. 

Santa Cruz, Patagonia, 


Mactra Darwinii.—P1. II. fig. 9, 

Madra teitd omlk mlmguilateralk tulmitrimd, tenumculd,^ hm, 
concentrk^ driatd, antke rotundatd, poslke obsoletitsime sub- 
qmdratd. 

It is impossible to get at the hinge, wherefore it cannot be ascer- 
tained positively to be a Mactra. 

Santa Cruz, Patagonia. 


Crassatella Lyeuii.-PI. II. fig. 10. 

Crat. te$Uldlongd,planiuscuU, muimuld, poitke angdatd, jnar- 
podJ>M dcclivi, euperjicie eulm oUme, rmotu, 

lotigitudinalditu ohiatd. 

This snecies most nearly resembles Crassdtella lamllosa of Lam. ; 

i, b »( 

surface of thirt species. 

S. Cruz, Patagonia. 
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Coaiits? uRmATA.-^Pl. n. fig* II* 

CWtdi Um 4 wmlrkmi^ imith 

/*m ; Um^. 3% lai. 2\ <i/l* 2 7^potL 

li U not wtUioui tonio hotaUlion ilint I lutvo ptiuiKHl Uib in i)io 

C m Cor^iJ^ mlibitugli it b of llio tMutio gfm&rtA fotnn mi moti of ilm 
»wn tff»ede^ ol iU»t genim* it b quiW frt«ofpm oxiitnial nigooiiy 
or Inm^^llfn. Tliero im» two upeciniotift, botli of ihotii »o im|>orfoct ihot 
it i?i ittipiiMNibb to «»eertAin witli cerUinty tlio c(i(inict«r of Uio 
bingo and mtntctilMr im|>re8i*iou«. 

Nnvtdiid, Cbik% 

^EtI4NlDK«T OttU>NCIA.~Pb H. fig. 12* 

trnm utrd^m iXitHwinid ; dUeto Itnat 

I '3, 0‘7, • 

Tbb «hcU i# vt*ry thiiv owl lit-ing ittilje<blcii iii ft bard compact 
all ftUcffipUi Cn gi*t at ilio iitttgo have provt^l alw^rtive; it U 
lhen;*fon.* pUctd in T^fiinl4*r4 an the to which it approadit*^ 

murly tn cxtcrttal cliaractcm* M* d’Orhigny coiimtlcnf it a 

Cbiloe, ca«!tcrn coa^ft. 

VuM.ji MEiuoiOHaiJf. — n. Il» fig. 13. 

I". U'ftd §lrut(d^ $triis *(U- 

9ub . fjrf/«fi tf/i/ib radiadm oi^dflc ittinfU ; 

minutU$imi cmiw/a/o. 

'rh»« m ch«R!ly rc«emlilc?» V, Lam, in »hajH% a« not to 

l>c dHtitigut4iftbU\ except by the radiating »tfifiB nnJ tlic fim Jy ert** 
ntilaietl margin. 

S. Crtii^ Patagonia ; and Nairidad, Cltiie. 

CrTfiratEA atyrA’ti.o«A.— PI. II* fig* 14* 

Cyth^rm in(id itulpordtd^ anthrt roinndniuprf^ 

natinKuld^ o^4fi$d ; iutch mmetnirieu^ conf€rHn»fuHi<^ t^dio 
obdutii^ untied aetuutribm omutd ; 1 

lat. 0*4, polL 

I have comparecl the ningle valve of ihte with mimemus rceent and 
fo«?»il PeacTA# and C^tkerM^ without being able to identify it 
any. A§ I have not been able to 9 ee the hfnge^ 1 have only j«dgw 
it to 1)0 a CyMerea frona analogy* 

Cbiloo, ca«tem coaat: inland# of lluafo and Ypui|t 

♦ \V|i6r<*iri»f g 1,^ feoiid iit two loeidiri#*, tli« owe# fif*t *"** 

pn«i, thftt ttie h%%i come from tliet plict* 
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CaRDIUM PoEtCIIUM.—Pl. II. fig. 15., 

Cat^. UttS tenui, IcBviuKuld, latere ‘pottico tuhcarinato, 

^uperficte radiantibuiy nutncros^issimuy confer lusimu in-- 
Mtrnctd. 

T.lie radiating strioB and the interstices are nearly equal. Nearly 
the whole outer surfllce is gone from both specimens. 

8. Cruz, Patagonia* 

CaRDIUM MULTIRAmATUM. — Pi. II. fig. IG. 

Curdiutn te^td iuhglofjosdy costellU radiantibns posticis 13, rolundatisy 
mediaftis plurimis plamdatUy inter Uiiiu rotunddtis ; margine 
denticulato, 

Tlicso are all the characters that can be given, as there is only the 
posterior portion of one valve; of course the general form is only 
surmised, and the proportions cannot be ascertained. 

Navidad, Chile. 

Cardita Patagonica. — PI. II. 6g. IT. 

C. tend sabtrapeziformi-rottuiddy tumiddy suheordiformiy subohllfjudy 
costis radiantibm 24*, angmtiSy angulatky nqiiamoso-serratisy 
iu terstitilif laiioribus. 

Nearly related to C. acuticostatay and may be distinguished by 
having fewor and more distant ribs. 

S. Cruz, Pjitagonia. 

Nucula? glabra. — PI. II. fig. 18. 

J^ncula terSid ovato-oblongdy glalrdy nitiddy latere antlco brcmorCy 
postico jftagis acuinintito ; inargimhiis dorsalllniB decllvu, 

I have referred this to Nucula^ because tb^rc is external ful- 
crum for tlie attacliment of the cartilage and ligament; the nature 
of the stone in which it is imbedded has rendered it impossible to 
expose any part of the inside. 

8. Cruz, Patagonia. 

Nucula obnata.~PI. IP fig- 18 . 

Nucnla Utstd potlici IrutieatS emarpinatd, superjkk linm eUmtw 
undalu conceniri^is ornatd, 

A beautiful species which apparently* resembles N. Thraeiw- 
formis in g^ral shape, but inasmuch as a fragment alone has been 
found, we Cannot give a more complete character. 

Port Desire, Patagonia. 







TRItHWOCEtlA INiOttTA.— PI* II. % 2^, 

Tri^4»€^m mtJif tm ; 0nd 

laurikm ; dmiihm pami»^ maynU^ 

Tlib «p^€« »» iiioro utilike tlw typUail furro of thiui 

iity whicb cumo tinirlor toy oboorvaibti* bfing oi^eti fiioro obltc|t}o 
timni\ie IK ut l>e Froiw, from wtiioV differs moreover 

in tioiiig «triuM>th on the ooUtde^ itml dtnlittiio of radmiiitg ridgt^, 

55. CrujL» pAtagonio* 

Crci’U.Ji:A AtTA — PK II. fig. 22, 2.1. 

i'ntuihm U»id or0t0^tr0j^ii/\frtni^ 

tiUfUHlib'Us^ artd />ro/Viwt/r itHptmtianis ttvi4- 

i^nlaru r^rnlm/i r/rro^*/. 

Tliere i» a e^vnaiilermbW pritnd /^urtV re«omblaneo b<ytw<*t*n tim >*jMV 
ri«’?i and f ifemamra, Mtn. C7oii. 11ii*i,frwfii H* Vtm mhy 
hi>wrver W oualy dkiinguisiied from tho llritifdi, by tU givatrr 
bright, iu more ub{it:|uc; fonn, and by the greaUrr number of im- 
(>rt3M«4t'd Itnea on the bganicnta) an*a. 

S, Crux ind Port De>?in% Patagonia. 

A;<omia ALTfiHNA5a. — PL II. fig. 2J. 

AfiMinia t^std mhfrfficfthn^ oMtdlU rnluinhbus piutindt^ 
tftf/.ri*^ ni(«^rnU 

Tbrxr h only a single val%c of ilm ejjcru*#. 

CucjuiniU), Chile. 

TEttEUHATt:tA Patai^mc A.— PL IK fig. 2fi and 27. 

T. t*tUt omli^ /-frri, r^itUfert ^yuaiHtrommjrh^d^mtiijnvtfnfldy in- 
currd^/iiraminf ma^no^ ad fmtr^mem mica ram f^rr ptratldloi 
fnetJiocrilus ; ar«fd cardirtali evueii^tf, ^ fmffUudmis 
tesUr : tnaryine atitko inu^ro* 

Bligbtly different from the T» mrialiitM of iho British Cr»g» (v'idu 
Mill. Coo. i. 576 , f. 2 to 5 ) lb wliteb however it ia very m-arly re- 
laud, as tt is uIm* to ine T* CurinufUa^ Lam., of llio Paris basin* 
may be diaittiguUhed from* both by its having tm aintis in 
anterior margin. 

S. Josef and 8. Julian, Patagonia. 

pECrTK!! OEMI5ATnH. — PL IL ^g. 24. 

Pcctm ititd wqulmlm, ov^td, aurkuiis inwqmtlilius^ ami$ rmlk^di- 
l,u$ $qMmui^^ 22^ffeminaik; inm$tUm ait^u Uuioribn*, 
nonnunquam cwrtd mimre in$in4c(d ; mriculA d/t^d 
radmtim coilaid. 

In general form ibis .pccics rwwmble* P«:te« umriut (SeAl^>f ) 
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OoUIf. i’ab. ?vC. f. f), but it has very few more than half the num- 
ber oC.rib?<, wliich in tlio present sfwjcies are disposed in pairs. The 
P, te,vtorim moreover belongs to the Lias and inferior Qolite^ accord- 
ing to Goldfuss. ^ 

San Julian^ Patagonia. 

Pkctkn Darvviniamijs. — D*Oubio. Voyage, Part. Pal. (PI. III. 
fig. 28, 20, of this work.) 

Pecif’n Ujii&fer^ orbicularis sulxvquimlms tenuis utringue convexim- 
culd ; exttfs larviy coHis radiantihuSs per paria dispositis^ 
propP centrum minus conspicuis ; auriculis parvis. 

Like Pect. PleuronecteSs P. JaponicuSs *^nd P. pbliteratus in 
general cliaracters, but easily distingui.shed from all three by the 
circiitn.‘'tance of its internal radiating ribs being disposed in pairs. 
This species has been named and described by M. d'Orbigny, but as 
hi^ description is very brief, owing to the condition of his specimens, 
and is unacco in panted by any figure, I have thought it advisable 
to append the above specific character. 

Sail Josef, Patagonia ; and St. Fe, Entre Rios. 

PiATFS pARANEN.si8.— D’ORmG. Voyage, Part.. Pal. (PL III. fig. 
no of this work.) 

'I'his spi'cies has Wn figured and fully described by M. d’Orbigny, 
and has hvvu accidenUlly refigurcd here. 

San Josef, S. Julian, Port Desire, Patagonia; and St. Fc, 
Entre Rios. 


Pecten centralis, — PL III. fig* JL 
iiecteH testa tMrenlari, depressd, radik quxnqw sijmrmiliferis cen~ 
* trail eminexHiore, Uneis radiantihiu aspens xiuttterosisque 
oniatd ; auriculis ma^jnis^ subagualibus ? 

A siiiKle fragment of tlm remarkable species ^""^2 W 

Tiilian • two others were brought from Pojt Desire. These fra^ 
n,. «d., » tw w. «. .. bu. V.., ,,u- 

iierfcotly acquainted with the species. 

San Julian, Port Desire, S. Cruz, Patagonia. 

Pecten actinodes.— PI. HI. 33. 

P. testa snlnMari, conceMd, 

rmiiis priucipaliht* LriculL ineegualibus, 

San Josef, Patagonia. 







PiCTKN nr mu “PL III. fig* W* 

fWtm U^t4 rudi^ c^ttU 

r^dumhl^ttA 22* n^HmhfU, ipiiertiiiih ; imUr^ 

tmJiU ni}nnuu^H4it0^ /tre i>LmhtU ; maryin^ nndulmio, 

TIk 5 w .»«!y a (tAgmnM ; anoltw^r tngmmi Aomnimmm 

wKlch may pi^iLly b«* llw o|>po<kit« valvif, ^ 

CiH|uiiulHs ChiliM?. 

('HtmtiiLA cmrtiAiiKA, — IM. III. fig. 04. 

(Wf^niuht UssA Mon^ni^ if^toriA^ ertut^i^ tln^n^io^ 

iuls^intli, i^Tvi ; urrliV^f ttd^imrtyituiH, 

TItU w n;inarkal>Ui fot it* letJglhtmtHl fimii : ti i» fmiml, 

gfuu|xxl u^iHhcr ill an strgiUiMXHjru»» iwin*i^t<»no of a grmyUh Oiloiir. 

It WAfH a .Htnmg gt'ncml nwiiiblanor io ^Vv/^o//i4i wtudi 

U fomiil, oinitiariy gn)ii{HMi, on ilo* Cf>a#t» of Nvw York* New Eng- 
laml, Atii) getieraiiiy on Ihe Atlantic coaattf of N. America* 

8. Cnii, l^atagunia. 

RrtLA iOi»MOpaitA. — PI. Ill, fig, 0Ji. 

liulhi lififid 3(ui<yliH(lra(^a ; tjrirHnIUU'thu* td4MU, p^tundudi^ 
anUfa pauluium hitu^re ; 4(nii om/^'rtUy /n#«^' 

t^er4i$^ inUrtiiiiU anyH4tujri{*ii4 planiHJtmih ; /om/. 0*9, Ai^. 0'4. 

I «lo not fiml any character to UtMiingiitvIi lhi^» from the fimil 
wtitc'i aiHoin^U ill the n4 ighixmrhoHl of Ihailcaita^ ami which i» al u 
fouiul urar Pari:i» an0 in N««riiiaiuiy, and wtiicli Uodiayo^ Inm n> 
ganlt*! as4 tnco.ly a varnly i f IhiILt /lyoanVi, Auct** from which h*»w- 
eief it may ♦,a»ily Ik? di^linguwlieii h\ it*» mucli more cylindiicai form. 

liuafo Inland, Chile. 

8iiiAUf:rt\H KrnotoBoaca. — PI, IIP fig. 06, 07. 

.Vi//fi»vvnj U'ftd in/^A>Aoa«f, aH/meiilm* ^piraliUr coneinnt 

iulmlii ; lony. 0*0, UH. <V8, ait* ptd!*, 

Tlie ftpiral gto<»vca and inV^^mi^iaic ridgea arc very nearly equal 
in gcfieral, though iK^vruftimeil rathcnr irregular. Thia hi U»e 
cv.iicavc of Adani^m ji A%<rrel(a that I hAVe ever the 

jHiHitiori of itn aperture Iwntig much leaj# inclined to Uhj longitudinal 
axiji than it \» even tit tlic CQHcartiA, l.ain., a rocefil apectea com* 
inon at Valparatao. 

Navidad, Chile; and Y|iuii tdand, Chonoa Archipelago. 

Natica ;*UKitA.~PI, IIP fig, 06, 

A^iiira t^gtd omta-mijyMjo$4^ ytatrA^ nnfraetihm 

pntuh* 

1 i^'dividiial of thia anmtl apecaea* which appears an far ^ 

juugc to i>e dniitici from any of the mctit apccica* occuw lo 
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tlie mine ijorl of rock, namely, a very hard and very dark olive green 
miide^tane, \\itli the following species. The difficulty of detaching 
the stone from the shells has prevented me from ascertaining with 
certainty whether or not there an umbilical callus. 

Chihx^, eastern coast. 


NatHa striolata. — PI. III. fig. 39. 

Nulica ts9ta dpprenlmcHlo-mhjlohosd^ craamisculd^ glahrd^ anfrac-- 
tihfui ipiatmr ad qulnque^ tiltum spiraliter suhstriatOy 

striitt iuhiliHantihiii ; callo umhilicali magnoy nmhilicum oni^ 
nlnd*oht.(j(^ntCy ad labium internum imrassalum antich con^ 
junctj» , 

Tills species resembles Swainson*s Naiica melasioma in general 
fiirm, as well, as in the umbilical callus: it is however rather more 
circuiar and the uinhilical callus is rounder. Judging from the appa^ 
ro«t general form, I had at first sight, when I only saw the upper 
surface, taken it for Sigaretm which it also resemble^; 

and I was not undeceived until hy clearing away the stone I dis- 
covered the umbilical callus. There are two specimens of tins 
sjiecies. 

Chiloe, eastern coast. 


NaTICA SOLIDA. — PI. Ill- fig. 4-1. 

A'allm mtCt c/vw4, Iwvi, i>pird brevi, anfraclilms quin- 
one mtura snbincompiend, aperturd ovalt, lalm colunwUat t 
imtici cramxnmo, umlilico mediocri, callo parto : lonp. 1-8, 

lat. 1 -5, poll. . . , 

This most nearly resembles a very common recent species, winch 
bus cencrally been confouiukxl with N. mamilla, but w^hieh I 
lias gci ' . . IVOrbifmv under the name of N. Uoer o\ 

too i:.». .p«i» by being 

Valencienm;s, it nmy be d t g callosity. The only specimen is 
almost destitute of the ..i,,,,,* the spire so that the true 

very discernible*in one part, and the 

a dovp and broad resembling, but possibly 

Several they are in 

distinct from this ^ f portiiin of the shell itself 

sriL“SS s'iSy “• 

ders the S. Gruz species as cerUinly distinct. 

Navidad, Chile: S. Cruz, Patagonia? 

ScaLania Econuosa.-Pl. III. fig- -^2 and 43 
bcALARiA B crassiutculA, omtiino rugu- 

Scalaria testd acummato-pgramtdah, crasstusc , 
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vntkilms erassU mfnii^itifta ; mikrttitm ijp/. 

mliUt 4uicuiU. 

Vi>|iiti<)iiA almut i'}ev€*n or twrlv^, in«m»iifiji; wjf pr^luaJly in 
fi^he I with fotirtt^n or nntiiiliHl and thickitit mn<m on ooch. 

Sail JultAft, 

Thochi j^ roLi.AUlA. — Ph in. fig. 44* 45. 

Tr\h*^t4j Miird^ Arri, r«/i«rf^/w«i/iV>w#, tmumlmk 

pr^jf*€ tufatyis tul*aixtilU tninititU 

*>rriif tm ciiw'iu^ if^jf^t ^pintHur tfriti U ; 

afM rfurtt^ ticttio : Ail, 0 55,/W/. 

A wry «fn^l p>rit>>ii of Uie ouU^ jiurfacitj roinaifu^, Un* inner coat 
H wh**liy ct»%ertHi with a ycllowi-«h gmm .itid iridi^ctiia*. 

Utnhilscu.'j far au» I e.*in judge the sain** Xi in the foftAwiitg ♦fjiecits, 
Tr. f t rij, ThU may |Kw-»ihly U* only a vivung of that s|)cci*^<, 
(and b <wi cotij^idcrwl hy M. irOrbigny) %•* it b ofdy disiingutalie*! Cy 
a row of very j^niall tul>cfi’hH idai***! inuncHUat»dy under tlic suture, 
which may hare cxblc*l in that ^t|H?cic» when young; and it mu-t 
Iw* <di<.4>rvf«i that the fmt volulionjs are broken fr<u« bdh the 
iio’fH oi Tr. 

Xaxidui, Chile, 8, Cma, Patagonia. 

Tnociit^s — 1*1. III. fig. 4fi, 47* 

Tn*ehHi UMd Lrri, <u%ft*trtlf»k4M MHUr*puiii^*us^ p^atUr turijl-- 

iiiusrHiis^ nnti^e (rtmisfirnr (mujtrfTitim §tri*i(i4^ 
oiru^ tfnr*tiiUr truuiUr ; itf^rturd rAoiwA^^AAd, av^uh 

f.rtprntt ; ninhiHo} maih^rri^ inins A^ riA^lOiO* MnO intern** 

tt*^>iHi’rns**iUt ; ion*/. 1*3, Ai/. *2\ ptjll. 

The ren\;ainH of the |i«*sirly inner coaijs are iK'autifuny irideaa^ut in 
thi^ -jwrirH ; the ouh r suirfacc b dull. 

Navida<l, Chik*. 

Tl RfltTf.t.l.a P.\T\0» .VICA. — PI. III. fig. 4S. 

'Titrriffiia te*l4 eioHf/ti^>-rif$iir4, anfrartihin ^/ avwi , 3 *ni 4 

c^nttAA^ inUrfue^ild rafminn/ied miMoriAiif, po$(U0 rtfA- 

nr Ufa, nuhjrnneifid mnj<fn^ Urtid rarinam tJ'irtmtnU ; iutufO 
iiniUtincd. 

Thi,** Turritella is pfol»ftbly only a variety of T. cin^Htnin^ and 
niorc cloiicdy rcTwrmblca thw sjiecie?*, eviJii than the following 
iiiaonnch a« its voUitioiia incw'tMH? in mtm morti rapid ly than in either 
the T. <*hiUnnn or T. amhutaernm. In aonie nwpeeU this re* 
wmihlcn 7\ rjirhii/era of tlealmyes ; it u not liorrerer nearly »<* 
ill l»r<ifM»ft'toii to its width. J have adopte^l a tiamo i^ggeatctl hy 

b'OrVdgny. 

Port Dcalro, Patagonia ; and fraginenta at Navidad, Chile. 
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Ti’rritklla ambulacrum. — PJ. Ill, fig. 41). 

Tnrntella testd elon^ato turritdy anfractihwi decern^ spiraliter tri- 
coitatUy posterior um costis wquallhns^ anteriorum costa anticd 
posticwpie fnajoribiut^ intermedia minori: sutura in sulcum 
profumlum fmitd, 

A very reinarkaUe species, which somewliat resembles a recent 
one ill my possession ; tlie two may however be easily distinguished. 
In the riHXjnt species the tw^o spiral ridges are much nearer to eacli 
other than they arc in the fossil ; and the spiral groove at the 
suture is ryuch dee|)er and narrower in the fossil than in the recent. 

Santa Cruz and S. Julian, Patagonia. 


Tuuhitella Ciiilensis. — PI. IV. fig. 51. 

'Jlnt'ritelia testa elomjato-tarritd^ anfractibus decern^ veritricosis^ 
spiraliter tricostatis^ costis pra mitosis^ internudlA mapriy sutura 
in sulcum positd. 

Nearly related to T urritella cingiilatu (Sowb. Tank. Cat.) ; it is 
oven questionable whctlier it might not be regarded as a variety of 
that species, along with T. Patagonica and T. amhulacrum. In 
deference to tiic opinion of D’Orbigny, who has suggested the name, 
I have been induced to describe it. The principal difierences be- 
tween this and T. cxnqulata are, the form of the volutions, which in 
this are ventrico.se; the absence of narrow intermediate ridges ; and 
the greater depth of the groove in which the suture is placed. 
From T, ambuhicrum it difihrs principally in the ^rcumst.ance of 
the central rib being the most prominent, while in T. ambulacrum 
it is tlio least prominent. The ribs in the latter species arc but 
bliglitly grano.se, and the groove at the suture is ( teper. 

Iluafo and Moclia Islands, coast of Chile. 

Turritella stTURALis.— pi. HI- % 50. 

TurritcUa kstd turrita, teniiiter tramversiui striata, anfraetthus 
<1—10, sutura talUla dichis, autki- jmttceque lumtdiuscults, 

postic^ eminentiorc. ^ i i 

Pra,r,.,pnt8 alone can be separated fr<vii the bard stone in which 
tlioy a?o imbedded ; it has therefore been impossible to give the pro- 

portions. . , • i 

Navidad, Chile; and Ypun Island, Clionos Archipelago. 

PlEUUOTOMa SUDjEQUAUS. Ph lY. fig. 5-. ^ 





recent ftpecien frtnn S. Aincrkm : UiU ipeeicA diffTni however 
fMm tl»o rwnil one* iit the of the iioteh in the outer lip, 

which in the fo^il tx>rrf'3i|M>ioli* with the pot*tertor tulierculifmms 
c; 4 riua^ while in I lie ri'C**nt one the «»>tch U pUml h|lf way lietwtxm 
the j>o?»t«*ri‘»r tulx rcuhferou^ czirina aiul the suture, ’riiere are other 
market of diffmnuv, hut thi» may U- coiij^iileml Miffickuit^ aa forming 
at ootv a di**tin<'t criterion. 

Iluafo coa»t of ('Inle. 

l*Lf:i noTo\iA Ti ttiiiNKi u»iiu.?4. — 1*1. IV. fig. 53. 

h^ifH rroasrtx mm tenHisStmt muri- 

itifiA Sfruttu, nH/nn ftbttj it fiincoih, in/Va me(lt>im 

/«A# ft w/Atis, /«*•? t3cww®b/u, tit (tnnf ciftttcr^ (tnrii fjua* 

tuo>r rtl i h*,jUU" iHb<rcidali% , coftali bret'i : lontj* 

I ’35; iat, , polL 

Very ditlcrcnt from any f»lhcr knuwti /V< on either rix-git 
or ; but no^si nearly iu ^hajv particularly, U* the recent 

nanuxi PL ttaj'* rialu by l^ainarck. 

Nav ulad, (’ll lie. 

Pm:i HOT*»MA I*i. IV. hg. 5t. 

lUfUtot. mi-turnti) ^ nnf^achbui 

tenuiiitmt (rnnifrrium mrdto tufHti uiatts^ 

ulttmo ihntu't' stnm vrajfin subtubm ulAiti^ initruiio : itintili 
eioHtjitto^ tenutt^ r tr<insf. er^nm sin^tln , coiufheliit recta "* iontj^ 
is, hit, 0 C J, f.oiL 

A v.bi«'h app.ir"« to Iw' nearly relate* I t-o PL eaiefUtta^ 

I.am. fb'^h. If. t. I. 11, 13. Id (a of the Tann Ba»in\ 

and \\ioch may f»* rlt:ipH U' fiier%‘ly a variety of that i^fH'cif^. h‘ 
•'tatnre an*l j;;* ne^ral eli,if;ictcn!> it leaKriMbU'w it 'cry* cloucly I its strUl' 
arc r very cljflVreiit. 

.Navi^lad, Chile. 

Ki HI M .RF.ortAKia ? — n. IV\ fig. 55. 

A very imperfect «fyeriimm which may probably be a variety 

of itiin Hpeciew, h ?*ufiiriefitly completef in allow of it*j l>eing 

<h‘cfdcxl, Of of iu characiem Ixdiig giiren. It in not even certain that 
it Wlongw to the geiiiin. M. d’OrhigTiy ctimitlem it as s dbtinct 
sjxjch?^. 

Navidari, Chile. 

Fusts UYkUUFORMIS. — PI. I Y*^. fig, .50. 

i uini tnitJ, turfnnata, qntkh rtjdrnliter iulcnPL ipkhi 

i:tinuk4, rudi ; nnfracUhu$ 3 —4, mer/ro tufttrcuUtfis^ tulHrrcna^ 
tran$vt>rnim ^ukatis, in co^ias hubdecurfeHtibusj^canali 
fjato^ irnnsversim sufeato. 

Till, iiomcwhat rM«inblra the Trilm chtmUtr, Low- (• 
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species), in <(>rm ; its spire ia liowever more elevated, and its canal 
ehortcr in proportion. I judge it to be a Faslis from the general 
external appearance, but cannot be quite certain, for the stone about 
the mouth is so much indurated that it cannot be cleared away. 

Navidad, Chile. 


Fi;.sL’5*srnREFLExu8. — PI. IV. fig. 57. 

Fusus testa fusiformi-turrita, transvcrsim striata^ striis irregu- 
larifms^ anfractibus novem, medio tuberculatiSj jiroph suturas 
subadpressis \ canali mediocri subrejiexo : long.2^1; lat. 1 % 
polL 

The shell to which this bears the greatest resemblance is a fossil 
named Fanciolaria IhirdigaleriHs, Defr. by Do Basterot in the 
Mcinoircs de U Soc. d’llist. Nat. de Paris ; in our shell tliere is, how- 
ever, no appearance of oblique folds on the anterior part of the 
cokimella, consequently it is generically distinct; while in other 
respects it is sutliciently different, as may be seen by comparison. 
Its spire is longer in proportion to the last volution, and its canal 
shorter. 

Navidad, Chile. 


Fijsus Noachinus. — PI. IV. fig. 58 and 59. 

Fusus tesla ovato-fusf formic titrdque subacumhiata, (equally an- 
fractibus quinqnc spiraliter sulcatiSy sulcis plerumque seriatim 
pertusis ; j>oslicis longitudinalitcr obtuse costuiis ; canali me- 
diocriy subascendente ; suturd distinctu. 

A species which boars some resemblance to Fastis JSoa\ Lam., 
still it is not nearly related to that species. In shape it resembles 
F, latmdlosm, to which it is really related, but it is quite destitute 
of the lamellar varices, so that it may easily be distinguished. 

San Julian, Patagonia^ 


Fitsus Patagomcus. — PI. IV^fig. ^0. 

F. testa ovato-oblonga, tenniuscula, nultifariam varicosa^^ anfrac- 
tihus postid’ aia/ulatis ; varicibus lamelhformibus, antict 
dcjicxis, postic!' acuminatis, intersiihu ’ 

apertunisuhcirculari, canali breviusculo, umbdico valtdo. 

Nearly related to Fns,u latnclUus and F. Magellantcm, and ap- 
parcntly connecting tlie two. 

Pykuuv distans.— pi. fig- <51* 

A./.™. 

minus elevatis : lo^y* 1 8 , « • > 

A 1 X true PvruUu somcwdiat resembling 

A very elegant species of 







H^jritU (a ftmil) in appcAmii€^» l>ui litffimng from 

lliai ii|ik!Ct< 5 si in iu phiportum#. being much iv’Hlcr in €um(uiri«nti with 
tU ami Uaving a niueh «ht»rlcr »pire. 

Navtdad^ Chile. 

SntCTiitotARiA ounata. — PI. fig, 62 , 

Strutht^lnria tnta ov<tftK apice ncumimaio, amfracUhui $enh^ 
spiraiitrr lUriati*^ pfopr iutHmm rnHuIiCuiatht litncitudinalUer 
caf/o/ti, cof/tA eoitii duahus $ptral$bm$,tletntis, 

ttmii mtdtam puMtits ; minni profundti ; /on^. 0 7 4 lat. 0*46, 
/«>//. 

Tht!« is tlH^ofily fiwiail s|wewi of thU rare genua I have ever seen. 
f'ai^tH of a larg*^ varwty ar\s found in a hniMi; clayey sand«iktone at l^urt 
S. Julian, M, d’Of biguy cttUMiaiiu isomc doubt abuut Uiis bci»jj a 
Htmthbilaria. 

^ianta (*ru* and S, Julian, ratagonia, 

TKiTti>{ vtKiirrruMi s.— PI. IV. fig. 6;i. 

Tnt^m ftifti ocvi/o-coaioi, iraHtttrsim tcnuiUr itriatd, anfraettbui 
$enU^ po%tkLi% irrie unuui medtnmi iubfrculorumrtHctiSiktltimo 
cottis (rtbiti iMl*ob$oUtt$ (Hbercuii/tris, tuberenin V03(a> pot- 
/iV# fnnjortbuf, rtivpunrum abiobtti: viricibus vnlidtSf (rtfu- 
bercufifens : /owy. 1 *b ; /n/. I U;'>, po//, 

may he dii^tinjjfuij^lu^l from 7'rii*m Utte^hiiotmt {R^ineUn Un- 
to %%hich roert^t il U iiuml lu^arfy rvlaU^j, hy 

tfn* iMiu ity of luU rtr 1<’!* forming the i^osti'fior row. as well as by iIkt 
strongly iiiU^rctilat^ d and by it* U*ing rks^litiite of tin' pil» 

wlitf'u art' Ml* «b*tiiict iH'lMiid the vaiictiit in lltai M|>«ci€!S, 

Na\nia»l, Chile, 

TaiTrtsi 1 . 1:1 r«ib TO IV. fig. 64. 

Triton (estti otatQ-obdoHgti , sptrd ohtuid ; an/ractibus sttb- 

ventrtcoiis MptrditUr iuicatii, tf (onj^ttudmaHUr coitatif\ 
rurtcibut $ub-trrtgmtar 4 bu»^ rotundatn^ tranAvenim iulcaiis- 
'I bis ftpcci<m rc*s Triton ieucoitomn ( Ramltn leucoitomn, 

iaini.) noire nearly than any oilier a|wcU*a ; it dilfijni, how*»^vcr, »» 
I lie following particttlai^ ^ in its gmeral fomi, which w 
oblong ; ill ita longtltiditial rtlMS which am sinaller and more tm* 
loeroua^ and extend nearly the whole length of each volwb»^» 
whereas in T, leucoitomn^ they are little more than clongabd 
tuix rclea near tlie middle of the whorls. 

Ilitafu Island^ coasirof C^ikr. 

Camis MontUFint.'^Pb IV. fig, Hb, 

CaisiM trs/A gtibff/obojtbf iransvergim itnui/er giriaid^ gpirA 
fiviculA, ap^ractibuM ggnig^ ultimo gibfxMt Hfie unicA 



APPBXDIX. 


261 


culdruffi^postia) instructo ; labio extirno tenuimculoy refiexo, 
intus lavi ; labio columellari expanso^ lavi: long, 1*5 ; lat, 
V\,poll 

A second row small tul>erclc» may be observed occadoually. I 
know of no specica to which this ia nearly related. 

Navidad, Chile. 


Monoceros AMiiioL’UB.— pi. IV. 6g. C6, 67. 

M. testa subglobosfh crassiusculd, laviusculd, spiralitcr obsolete 
costellatdt aperturu magna^ labio exierno intus incrassatOy 
umbilUo parvOy nngusto. 

A single specimen in very bad condition ; considered by M. 
d’Orbigny as closely related to, but not identical with, the M, crassi- 
iabrum of Lamarck. 

Coquimbet, Chile. 


G4STUiDit'M .* — Norum GenUrS, 

I have thought it necessary to designate this singular shell by« 
now generic name, bwauso its characters are such as will not permit 
its union with any hitherto esUblished gtmus. The shells to which 
it ap|)ear8 to be most nearly allied have hitherto been arranged with 
Buccinumy Ebuniay and Fu^u^, Such is the Bucc. plumleum of 
C’heinnitz (which Swainson has designated by the generic name of 
Pseu(ioUvai)y and which, to avoid the necessity of adding to the 
number of generic names, I had united to the Ehuniw. Such also 
arc two fossil shells described and figured by D^hayes+ 
names of Bacanum Tiara and B,fmuratum. One other shell re- 
scmbles U.i8 somewhat in form, but in other r^pecte 
and this has been placed with the Bmana in >V ood s Suppt., and 
with the Fmi bv Gray. Tl.e characters by which this 
l)c known and distinfiukhed from its allied genera are as foil - 

Tcita vcntricosa, subglobosa, spird brevi, 

suturas advressis ; aperturu viagnUy ova/t, canali po.t 
:J,Z ■Ztuo Into, VeJle.o;laMo « J™':; 
antici temiore, dente brevi, su co dorsah ^ “""S 

pnrten, posiio ; labh columellan .ncrassalo, expanse, posUce 

apud canalem crassiore. 

G.8TK.n,uMCEPA.-Pl.lV.fig.C8.69. 

Gastr. testa cepeefonni, leevigafd, antice Tl^poU. 

exte^-ni margine antice crenate : long. .. d . Wt. ,p 

Navidad, Chile. ^ 

• From yai:rptbtov, ventHa^^ Swainson has designated the Buccinum 

"“I!— " ”• 





Truebea coirirtxATA. — P!* lY* fig* TO, Til. 

Tertim Ieil4 furmid^ ii^muicttliK an/raciiimA medio IwmidimculU, 
post ice iimm imprea^ oh^oUtd motatn^ co$telti$ numero$is 
lom^itudimaiibmM, eletfOtU ; apertmrd columeUdqwt 
Th« number of voUtltoti» und Ibe proponioim ciumoi be given, 
for there in only u etngle fnagineut of Uitai nptwku, 

Nuvtdiuiy Chile. 

TKfi»iBUA I'MDrurmA. — PL IV. tig* 72, 73* 

TVre&ra te$lit ehngato-tMrriUl^ lijteiusculd^lmeolu mndulatU toegi- 
tudi»ntibu$ comfcrits, potUcis Jhriionhus^ teetd ;^/ractibus 
piurimis^ postur iHmuiivBcuUs^ lined impre$in iMbohsoUtd , 
medw jlpUoMCttru . aptrinrd subrkomhouted^ columella i4tvi. 
Ttiere are only two fmgmeoin uf thin njKHrieA, it is obriously tm- 
possible to am.Mrtaiu the nuttiUrr of voluitorts or tlie ptopoitious. 
NavidavL Cliile. 

VoiATTA THlPlfCAtA. — W. IV, tg. 74, 

Volutn tt$td elongato-oblongd spird attenuntd €tnfractibH$ icnis, 
Bpiroliter conftrttm r/vtofu, ad suturtii adpretsis, dtintic 
fulptrcttlatis, tuberculii tn costns rtw/i<v decurrentibus ; aper- 
turd obloHtfd^ Ivugttndinrm ipiftr itguante ; columeltd tripU* 
catd, plicis obltifuts, iuUrgtmltbni : long, *2*25; lot, 0^9 poll. 
Tins tfjecirn is placfnl among the I>€!eaiii 0 tl»e p^rtJterior or 

upjMS'T folds on the c«>1uim*Ua are rather ttmallifr than the anterior; 
it nearly rtisembles in neral apiw’^rane** the foseil VoiuUr^ m«nV#«4, 
ami ongtuta lloHigb ea^^ily disiinjynaisliable from both, 

by the circuni**taneo of the thr».s? folt!?i on the columella being very 
nearly equal in our sjxecteH, w hennas in the two above-mentioned the 
|K>*lerior folds are fiion^ nurnc^rous ami all v«*ry much smaller than 
the anlertttr : inore«>ver, the fwistcrior |jiirt of the volutions »« not 
adprraseil in either of thi>«icr sficci€ 0 % and the proportioiia are also 
dilferent. 

NavkUd, Chile. 

VoM:rTA ALTA. — PL IV. fig. 75. 

Valuta tfMtd elongalo-obtongd^ $pird atienuatd^ cmfractibui icnts 
gracilibui^ Mjn^filitrr confer dm prop^ gmturas ad- 

presstj, dnnde iuhe^^nfricosts ; apfrturd oblontjd, labio ex- 
(erno crassiori, Mubfijiexo ; columelUi iirvi^ pitas duoous 
QcntiusculiSt perobliguis ; long* 7*5, tat. ^X*lb^poU. circa. 

There is only one afmiinefi of this very rntnarkablt shell, of which 
the anterior [wirt t« so im|>«rfi.*cC that no part of iho iuiw Kp 
the canal is to bo seen, consequenUy the ^optirtions gi^^® 
may bo liable to a sligh| error* Tlie speeies is ueaiur to V. Aw#'** 
lanica^ titan to any other kaown specMMi ; it may, howeser, 
dtstinguished from that speeies by the ehametefs aboee stated. 
Santa Cm*, tboro am two casta, apparently betorigiog h> wtw 
spcck^ but considemd by M* d'Orbigiiy as dtfliereiii. 

Nsvida<i, Chile; 8. Crua, Patagonia? 
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OlJYA DIMIDIATA. — PL IV! fig. 7C, 77. 

Oliva iestd oblongo-ovatd^ spird acuminatd, apiee obtuso ; anfrac- 
iibu9 smis, ultimo lined tenuunrnd transversim dimidiato ; 
columelld at^ich plicis auinque obliauis, posticd majori ; lonn. 
0 - 9 , laL 0 - 37 , polL 

This species varijjg in its proportions ; it differs from all other 
recent or fossil sihjcu'S with wdiich I am acquainted, in the remark- 
able circumstance of its having a broad band of enamel covering the 
anterior half of the last volution above or behind the colurnellar band, 
which i« distinguished from the posterior part of the volution by a 
very fine ifnc, behind whicli may be seen the longitudinal lines of 
growth, these lines being hidden on the anterior part by this last 
covering of enamel. This 8j>ecies bears a general reseftiblance to 0. 
iipiduia^ a common recent species. 

Navtdad, Chile. 


DENTALlCil GIQANTEUM. — PL II. fig. 1. 

Dentalium Iestd tereti, rtctiusculd, sulcis longitudinalihus nume- 
■ , inlerstitiis rolundatis ; long. •<‘ 2 , lat. 0‘5, poll. 


rests. 


This siiccies appears occasionally to grow to a very large size, for 
one fragment that is one inch and a third in length, is half an inch m 
width at iU smaller extremity, and six-tenths of an inch at ite larger, 
■while in its thickest part the shell itself is 0*13 of an inch thick. 

Navidad, Chile. 


Destauum SILCOSUM.— pi. II. fig- 2. 

Ventalium testa tervti, rectiusculd, . 

elevatiusculis, sMistnnUbus 14, interstitus planulatis. 

The proportions cannot bo given; 

which L'beeu broken and the two p.ecc>s confcrrum.nated by tne 
sandstone in which it occufs. 

Navidad, Chile. 

Dentalium majus.— Tl- U-.^g* 

.Maoris.,, .nIeriMu 

Tho proportions of 1'“® one of the larger species 

only Bomo fraginente ; it dimensions of D. sexangulare 

of tho genus, proliahlj . 4 that species in the circum- 

of Doshayes, tab. ” Ses U it ^ifi-ers from D. 

Stance of its never having on > ^ & elsewhere proved not to be 

el^hantinnm of in being less rapidly attenuated, 

tho />. depfmntinum of Lmnteus; m u ^ 

and in being straighter. 

Huafo Island, coast of Chile. 







BALjixrs vniiUNii.~PI. II* fig. 4, S. 6*» 

Pntaniis feitd pv/ifimofj^Au^ va/pts p/€ntm^0 Umbut, nonnunyuam 
radialim obiuid cpstafii^ apicibui iwbacpminaiii ; valpit 
bi%mV% mod0 caiicatf#l» modi cyaMi/urmi, baa^acummaid* 

ThW ii » xpty remajrluibio a» well a very vmrwble tpocico. lu 
purieial vaIvoa are •ometiiiuvi AaiiM>Ui, only Allowing the Hoes of 
growth^ and aomelimeA covered wiili obtiuie n^/mting ribn ; and Uie 
Apc'ctea belongs to that section of the genun wbtcb has actiniiiiaied 
and solid panetal valves, lint the most variable pari, in form, is 
Uie banzai valve. It if« io W oUservcnl that tti incMit, if not in all, the 
spccavt of this genus which have lMX‘ti brought from the southeni 
hemisphere^ it is the bast* that U'Cf>mi*s itibtil^ whenever any acci- 
dental cinmiwtanw cau^e^ the ^hell to be elongatetl ; whereas in the 
elongate^i and clavah? varietitw of our ctvtiitnott sjiccies, it is the 
l^arietal valves that are Iengtlit*ii4?d ami not the IiosaK Tims, witli 
respe-ct to tlw* pr«Mitt s|ieeieSt we find that when any number of 
individiial.H are placed close together when very young, as they in- 
c^s*‘ they form a gtimp, of which the basal valves grow up ride 
by side and beeonn* tubular, without the |iarieta) valves changing 
in form ; hence in iH>me sjvccitnens this %aivt* is concave in eonse- 

S ttence of its having luvn plaee^'i ufw,»ii a convex »tiljitance, and at a 
istance frtnii i*ach father ; while in others, whtcJi have bewi placed 
very ebrndy t<*gether when very young, thbi bisal valve luw taken a 
more or less dee^ cup shaj>e, Wing very small at its low'er extremity 
and increasing in dimensions w ith age. 

San Julian, Patagonia. 

IUlams f'o^i — PI. 11, fig. 7. 

Balanus ttstii i>olymorphii , vnlvis ievibui, nonnunyuam radtaitm 
i/ri/i/ix, tnt^ralthiin anypstioribut : apicibui imbtrun- 

catis ; nperturn pan*ul*i. 

A reiiiarkalile fact is observable in tia? specimens, both from the 
up|)er and lower (uurts of the format ton ; I have selected one from 
the up|K?r Wd as showing it most distinctly. In consequence of 
numerous individuals binug drsnely groupeil togv^ther, each one has 
lieim compelhsl to lennihen tlie basal valve, so as to form a nearly 
cyltmlricai tube, closed at lower pari, and gradually increasing 
as St ascends until it joins the l>a«»e of the six parietal valves : th^ 
increase in the length of the Wso seems to have taken place more 
rapidly than the growth of the animal would permit A porUon 
of the lower part of this basal tuW lias, therefore, been filled up 
cclU or vesicles mtparated by calcareous •e]>ta,;very irregular inde<d» 
but which would, ncvertbcIeMs answer ibo tmr|>ofie of supporting 
liaiwj of the animal in the tube, so as io enable itie animal to continue 
its vital functions. 

CcKiuitnW, CliUe. 



DESCRIPTIONS OF SECONDARY FOSSIL SHELLS 
FROM SOUTH AMERICA. 


By Pbokkssor E, FORBES, F.R.S., &c,. &*. 


NaL'tiu's i)‘Orb!onyam'8. — PI. V. fig. 1. (a) 1. (6). 


tentr'm$e ( prolxihly mooth and »n<jliOy umUl'mld ?). Mouth 
rerv broad, reniform. Back rounded, ^^utum bend suddenly 
M-ds, and near to, the umbilicus; on the back they are very 

ilujhihj sinuateJ. 


Tliis 8i)ccinicn is very imperfect. The "^*'*7ptS^dfrom 
scnibles that seen in NnnHlus ^iccrbyanm, a 
the upDcr creensand by d’Orbigny. The general form more nmly 
resenibE iltulilus Uvtiyatus of the same author, a species also from 

the Crate chloritie, 

Concepcion ; Chile. 


Ha»itkb,atio».-“O.B.So'i.ei>dy." 

admotis. r j • i 

This is the largest HT*® 

and its largwt larger than t^^ The 

are two specimens, onfi of which “ . tlie two extremities, 

smaller shows clearly the near app return to England, 

The specimens have been lost since Mr. Darwin 

and so cannot bo figured. 

Port Famine; Ticrra del Fuego. 
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VvM^x V, 6g, 4, 5, 6.^ 

^htl/ cj^inW/W, comprmmtl m canHml 

4i^rii/»//y a/ M4» tMppxntiUif iriVfc, n/ M<iy 

irciian o/ M«* licv ivi/w w trianijular «w«/ rjrm^ir^til eoniitt^, 
Tk^ 9HUat%oHS of thfH kin^ a#Y UHfturoui^ <i«</ rctjuUr, 

Tk^ 9Hrja<e ikii $k^H ap^Kvir* io A 411 V 
ikoHi/k irreyulari^^ #rn«iM/. 

11i« •pectiiK.ti cofi)»toU uf the canliiiAl aiiJ apical {H>itii>t»f uf twu 
united \a)vt:ek. 

Copiapo; Chile, 

•AliTARTt: l>ARW|?<II. — n. V. *2n. 

#Vj^W/ imiJ/y oru/^-, fiiw'i^i ukurkfoi triik niM^T 

rtyu^%ir CK^NA’t'ntru^ rui^h’^ ; in/t i jffiV- i hrKut*) moi a/«<Y 44 * 

tricitU^ tiim/ i'.rin tniiits n^ttrl^ i^‘>iuaUy 

tfXtvi ; r^ero Kltuj*\ 

Ur^idtk^ ! II/!-; //itVXwrw, ,i/l 2 

Copiapo ; Chile. 


CiiiYm ri lUitv'iMi. — Cl. V*. fij^. T. 

h^yfcrr ritIrrM nr>'\oitr ! ^ iaUmi/v o/tnpriS^f' 

nmi rnnrk iwr^^rtw/ Mr n^!r<t! t j(r»^mity ; i/# fttrMcr uitiiu- 
luUtll kfj iiightui diitknt^i ghtfftius /tirr>>tri^ tntirkfd tritk l^$<r 
gnUfttoffiM or gfroiUotig, Vp^^r tafrr conctirr^ gfatini^tU^ nod 
OjNtrnfrioiilt/ fu rnon . /. 

*i a 2 ; fjrriiMh^ 2 ; dishthrg, fi'trm tttmmU of f>e<ik to 

i^fttrnnrMf and tf utral f*ar{ of Uargr rnit^^ 2 7/20 inches. 

CopUjwA; Chiu*. 

Guvni.f:A Nov. Sp. ? — ri! V. fig. 8, 0* 

I^trtr r<i/rr not rert/ <»neejc^ rti^/^/oZ, aw/alatrKi ; mpjiH^r ralre con- 
rari^^ orhietdar., farroterd uritk deep mncentric stUcationt. 
ftnrrnth/ a 

Letofth^ 1 1/2 ; breadth^ 2 6/10 ; thickness^ 5ll0 cf an inch, 
Coptap> ; Chile. 

Llci.n'a Amkricana*-— pi. V, fig. 24. 

&heU orbkuiar, murk depressed^ the eurfaet rmajk^ trtM sharp, re- 
gular, eUmUed, dw.tnt^ mnrentrk ruipek {akt^td inrmtpfi^ 
specimen examined) p tkr intersUces are Hriaied eumt^trieally* 
ijcngih, 1 6/10 ; brmdlh^ the same \ tkkk 9 U$ss, 4/JO. tHck* 

In fihapo thia H}KJcicr« rcm^nibtea the recent Lacina rmluta. 
ui<pH* ; 8oiithcrn Peru, 
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LdciNi# EXCENTHICA. — “ G. B. SowArby/' PI. V. fig. 21. 

TeHa $ubocal%^ leviter umhone adunco^ posticd 

iulco pro/undo ah umh<yne ad marffinem infen'am posticam de- 
currertte ifi^alterd mlvdy minus prof undo in altera: long. 1-9 ; 
lat. 1* ; alt. 2* poll. 

Like Lticina Childreni^ the two valvps are somewhat unequal, 
and soinetiines the Sght, sometimes the left, valve is the larger. The 
posterior dorsal groove is nearer the edge and deeper than in Lucina 
Penngglmnica., and the whole shell is much less orbicular. The 
present 8[)ecies may be regarded as obliquely suboval. 

Port Famine; Tierra del Fucgo. 


SpIKIFHK CIIILEN8IS. — PI. V. fig. 15, id. 

^Shell snhorhicular, tumid. Dorsal mice deej)er than the ceyi- 
tral ; cardinal area shorter than the transverse diameter of 
the Talve^ triawjuhu\ coticace^ hounded hy augalated margins. 
Perforation lanceolatodriangnlar. Centre of the dorsal vahe 
triih a rather deep and brmtd sinus., which., as well as the sides, 
is furrowed and riblwd. Ribs simple {about twenty-six, of 
which four belong to the sinus), becoming obsolete toicariU the 
angles of the cardinal ana, crossed by stronyly marked sinuous 
lines of growth. Beak very prominent and somewhat incurved. 
Dorsal rahe ribbed like the centraU four of the ribs being upon 
the rounde<l but trelUbJincd mesial ridge, l^rontal margin of 
lH)th valves slightly linguiform. 

Then’ are Uro earictie* of this shell, the one much more 

tumid than the Other. 14 / 19 . hreadth 

f'T'fiJ >■ iiZ ./ 

fers. It is also related to some Imsic species, as t^ptnjer 
Cordillera of Guasco ; Chile. 

Spihifer linguifekoides. pi* 

./.A. 

an inch. pi,iIliDS fa carboniferous lime- 

Vory near Spin/cr lingtifem of Phillips (a 

stone fossil), but probably is i®® • 

RioClaro, Valley of Coqu.mbo, Chile. 
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TxRKaiiATtrLil tJccA.-— PI. V. %* I0» 20. 

SMt 0ri^U»r^ HrutU^ ; 

iJk^fmrrmtt *4 hmsmin^ »n»v 9trnm^$t mnrM imtanU 

Uk4 maryin^ Ik^rmi ivi/iv mtmi <w»mr. Pn^fnl \nanjm olh 
hUimuaf^i^ ami in diyktly truneaie, 

/tenJt </ ihr*al m/i^? itmi 

tmyM lii M«» «*/v4, Ufv^imahny ii* « (^muii?) per/otaihn. 
fV'rv /<■«/ JfMtiuci. 

lynyth ♦>/ thiriitl 1 ^ 10; hr^^tultA^ 1 T/lO<y‘ nii iiiri , 

thUku/si I inrA. 

Ir|ituju<% S^jtuiWfit Peru. 
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^ American coasts, 1;15 | sulphate of soda, 74 

Acosta on an eafthquake-wave, 51 • Banda Oriental, elevation of, 1 

Aj(uerro8 on elevation of Impenal, 29 j tertiary formations of, 90 

Alette, conatituent mii^ral in andesite, | crystalline rocks of, 144 

174 ’ Barnacles above sea-levol, 31, 35 
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Amolanos, l^s, 222 
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Amygdaloids of Dspallata range, 200 
of Co|Mapo, 227 

Andesite of 1. del Fuego, 153, 154 
of Chile, 174 

in valley of Maypu, 177, 178 
of the Cumbre Pass, 188, 194 
of the Uapallata range, 2(Ki 
near lllapel, 2()B 
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of (’opiapo, 218, 221, 227# 
Anhydrite, concretions of, 178, 191 
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Bacalemu, el^ated shells near, 31 
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Basin-plains of Chile, 58 
Beagle Channel, 154, 156 
Beaumont, Klie de, on viscid quartz- 
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on inclination of lava-streams, 116, 
185 

Beech-tree, leaves of fossil, 118 
. Beechey, Captain, on sea-bottom, 22 
Belcher, Lieut, on elevated shells from 
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! Benza, Dr. on decomposed granite, 143 
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Blake, Mr. on the decay of elevated 
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1 Boliaert, Mr. on mines of Iquique, 233 
! Bombs, volcanic, submarine, 219 
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! Boulder formation of S. Cruz, 9, 19 
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; of T. del Fuego, 117 
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1 Bouldei-s in the Cordillera, 64, 66 

transported by earthquake-waves, 

I 09 

j in fine-grained tertiary deposits, 127 
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FormaUlnT^. ofT. d^i Fu,.go. 117 
of th« (!hoiiot Arcb, 1 19 
oiCIiUoe, 120 
of Chile, 120 
<*;Coujepcion, 125. 131 
ofNavidad, 127 
o#’ Coquirobo. 128 
of P^, 130 
«ubiidencd^urine, 138 
volcanic, of i res Montes 120 
ofChiloe, 121 
old, near Maldonado, 145 
^ith laminar structure, 167 
atfcient, in T. del Fuego. 153 
neCaroorphtc.of claystone porphyry 
of Patagonia, 148, 167 
motaniorpbic, fobauon of, 164 
pltitonic. with laminar structure, 1 67 
recent, ab^nc on S, American coast, 
1 35 

pala>otoic, ofthej'alkland I.. 151 
riajralate, at Concepcion, 160 
Juraaaic, of Cordillera, 181, 193 
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JVm'« 2 ». <kJ. tiotk. 

«• A gtwsd nw>T*»diam <# * |fr«*l mhf*r%0' | A rsA wolwttt-”— 

ii4wUw. j Imuhr. 

V'^iewg and Otnni(m$ of Srigadicr-Generol 
.facob, (’.H, Collt'ct««l mill ICdited by Captain Lens 
I’kllt, Lati* Political Secretary Persian EapedititMiwry 
i orcc, JAnnjt Sw, prie$ ISi. tfort. 


The Commerce of India. By B.**A. Ibviko, Esq-i 
Author of “ The ’llleory and Practice of Caate." 

pMt Stw, prm 7f. tki, ekth, * 

Ml or A flMA I VkMMtlMMw or ^OTO fUMM Ili 40 


/♦ Mf. Irriims mm% It ,, 

»« w* ooiiitcf, n b 11 
bUiwrVA) botMl*tNMk of ilto ppomimni And 



SMITH, EI4)EB & CO. 


NEW PUBLICATIONS— 

T^er ^hoot ing in India. 

By rnStaWAKT WnxiAH Rk®, 25t6 Bombay N. 1. 

Buptr Moffntno. WiA TWiilw Ffat*$ m C^oma’Ktkography, 21*. cloth. 

I chroroo- 


A. IMlHMtlljr nlettMlt book of ftdmp- 
tiim dttrni# aorenu seinoits ot * latfo game * 


~ AUO VWVIYV curumo* 
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freshness.**— <7/o6«. , 
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iQ adrontora, and handsomely lUnsIrsted with 
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ITte Autobiography of Lutfullah, a Mohame- 

dan Gentiftuin, with an Account of his Visit to England. 
, Edited by E. B. Eastwick, Esq. 

Third Edition^ Small Post Svo, Price 5s, cloth. 


*' We have read this 1l>ok with wonder and 
delight. Memoirs of a live Moslem gentleman 

ore a novelty in our letters Lutftillah's 

story will aid, in its degree, to some sort of 
nnderstanding of the Indian insurrection.*’— 
Aihenmum. 

“ Read llfty volumes of travel, and a thou* 
sand Imitatloni of the oriental novel, and you 
wUl not get the flavour of Eastern life and 
thought, or the seat of Its romance, so perfectly 
as in LuUUllalt'a book. It is readable, 
instructive, and entertaining.”— Asuder. 


^ As an autobiography the h^h is very 
curious. It bears the strongesi^sensblanoe 
to Gil Bias ot anything we have ever read.**— 
JS^sctator. 

** Everyone who Is interested in the present 
state of matters in India should read Lutflil- 
lab’s own account of himself and his people, as 
well as their peculiar and general feeling 
towards the Feringees.**— (7/o6«. 

** A treasure as well as a rttrity in lltcra* 
ture.”— A’cfedfc Bsviow, 



Two Volumes.^ Bvo, With Portrait, Price 36s, cloth. 


The blogrtphy Is replete with interest 
and tufermaUon, deserving to be perused by 
tlie student of Indian history, and sure to re- 
commend Itself to the gweral reader.*'— 
Athsammm, . . 

** Oue of the most interesting of the re<*nt 
biographies of our great Indian stmesmen. — 


“This book deserves to participate in the 
popularity which it was the good fortune of 
Sir John Malcolm to enjoy.”— i?c«o^rp/i 
RsHetP. 

“ Mr. Kaye has nscd his materials well, and 
has written an interesting narrative, copiously 
illustrated vritli valuable documents.*'— jSr« 
aminsr. 
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Fe/, il* JETiiit., 10«. 6J. c/oM. 

"A "Id impMsIoned review of the 

nr a ’ ^ »iid earnest 

---~r — j ... Muu developlnfiT 

striking truths in art/*— ifriiisA 
QuotUrlp Reidtw. 

sJ*lA7^ extraordlnaiy and delightftU book, 
nul of truth and goodaeut of power and 
heanfy. --North BriitUh Rtoyna, 


The Stones j>f Venice. 

pompjeU iw/^ Three Volumes, Imperial 8vo, with Fifty-three Plates and 
numerous Woodcuts, drawn by the Author, Price 5L I5s, 6d,, cloth. 
£^CU VOLUME MAY BE ILU> SEPARATELY. 


VoL. I. TEDG FOUNDATIONS, with 21 Plates, price 2/. 2^. 
VoL. IL THE SEA STOKIES, with 20 Plates, price 2/. 2^. 
VoL. JIL THE FALL, with 12 Plates, price \l. 11s, 6</. 


** This book is one which, perhaps, no other 
man could have written, and one for which 
the world onght to be and will be thankfUL It 
is In tho highest degree vtoquent, acute, stimo- 
latinir to thought, i|nd fertile in sug^tion. 
It will, we are convinced, elevate taste and 
intellect, raise the tone of moral feeling, 
kindle benevolence towards men, and in- 
crease ttie love and fear of Ood**— Timet. 

« The ‘Stones of Venice’ is the production 


of an earnest, religions, progressive, and in- 
formed mind. The author of this essay on 
architecture has condensed into it a poetic ap- 
prehension, the fruit of awe of God, and 
delight in nature ; a knowledge, love, and 
just estimate of art ; a holding fast to fact and 
repudiation of beai^ ; an historic breadth, 
aud a foarle&s challenge of existing social prob- 
lems, whose union we know not where to find 
paralleled.”— <S'pecf of or. 


The Seven Lamps of Architecture. 

Second Edition, with Fourteen Plates drawn by the Author. 

Price 1/. Is. cloth. 


Imperial 8w. 


“By the ‘Seven Lamps of Arftiltecture,’ 
we «iiBdsnta!id Mr. Ituskln to mean the seven 
fandamental and cardinal laws, the observance 
of and obediedee to which are indispensable 
to the arcbJteot, who would deserve the namo. 
The politician^ the moralist, the divine, will 
find in it ample store of Instructive matter, as 
well as the artisL The author of this work 
belongs to a class of thinkers of whom we have 
too fear amongst ns.”— iKrmmVier. 


Mr. Ruskin’s book bears so unmlatakeahly 
tho marks of keen and accurate observation, 
of a true •and subtle judgment and refined 
sense of beauty, joined With so much eamest- 
ncM, so noble a sense of tho purposes and 
business of and such a command of rich 
and glowing language, that it cannot but toll 
powerfully In producing a more religious 
vie^ ^ the uses of architecture, and a deeper 
insight into its artistic principles.”— C?imrd<aa. 


LcctuTCS oti AvchitBctuTB (ttid P diutiug. 


With Fourteen Ctits,^awn by the Author. Second Edition. Crown 8vo 
Price 8s. 8d. clotk^ 


“llr. Buskin's Isctnfes-^loquent* graphic, 
and tinpa8Slowd--€xposing and ridienUng 
•onfe ofM of omr present yst^ of 

bftfldldg, and mtdttag his hcarws I*/ *5^ 
of duty and to jttood to 

i^ltectura— are tery gnccessfel,'*— Fcono- 
mist. 


»• We conceive it to be impossible that any 
intelligent persons could listen to/^e 1 m- 
tures, however they might filter , |twti the 
judgments asserted* and firom tife,gej»rad prt* 
positions laid down, wi^but an i^evatl&jg In-* 
fiaence and an aroused enthuslastn/’— 
tatot. 
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**4.1 »t ^*> 4 lA pcNMmt , k»w«*rj «4 (W «# ^ ^ 

U I* b*-«iwvU ‘ KrriHMr 


Jieligion in Common Eife. By WuxuH Ktus. 

/W fiTHtf 7#. $«/« 

** K h><A *a4«v»)|«4 t;» po*^ of IB# Mxiik Pf • rtSJW hiB# { • «>»*r 

pppitf ir«i t*^A mmrn Rf . ' b* *«4 •«*»*«• 

Kitj* h*« «'49»4 m 4 hi* rtyl# U , i# ^PtmmmiMxUm. W# 

nMfViwr 

in tmir yolnd } mRmd if Hi 

Victoria, and the ^siralian Gold t« 

lM/57 ; xeith NoUt on tA« Owrkmd Jtovti. B/ iYa- 

tUM WmOASTH. 

/W# wltk M»p*^ prkp lOi* 

Mf W<^i4(t*nh h#* |mMliino4 • rtliiilii# A fllKMiil. ^**“S!S*!SJirw 

fct4.fj r»«i»hir b*wh w#« lineM pPA Iniwiiii- n(i#ii Um vtmim if »* wfl"! 

4«4 pieMMntiy h>t«r*;i#m4 with ^ ^Annt 

*r«nu d And t iri*^ of cakmM m If l» *• IB# titiffii# * *WSL!f“2Ctl#« 

/mmkPi pud jmlM tilMiiHHii' 

. * A, d ih« mcMti mditiM m IBt 

W#fig«#ir# Iwiii WttiH ll(i ... .L iturt*. 

y :;±*‘JiSL Y>‘YrVw.rr ^ A 
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RECENT WORKS--co»<t„««d 
Thi Chttflottc Sronte. 

£m,” *‘ SinBi,Et,” "VnxETTE.” &c. 
By Mbs. Gtabkeu,, Author of " North and South,” &c, * 

Third £m»^K0v{^ Tmyolumt,,Po,l Svo, with a Portrait o/Miu Brmtg 
^ Vi€u> 0/ Himorth Church and Parimage. ^ - 


/* W*e iho record u a ^ument of 
coorage and endurance, of auiTerimr and 
JriwniA. a . . All the aecreia^f the 
Uterary workroaniihlp of the authoress of 
Jane fSyn are unthlded in the course of this 
extraordinary narratlfe."— TVVn/#. 

“ Mft. Qaekell haa produced one of the best 
biographies of a wonun by a woman which we 
can recall to n^oa/^^thenoeum. 


Price 24a. cktho 

i “ Mrs. ^keirs * Life of Charlotte Bronttl' 
hM pla<^ her on a ferel with the best biogra- 
pbers of any country.'*— 

“ This work cannot feU to be of the deepest 
interest ; and it has a special interest for fewmle 
readers."— iTconownX^ 

TM® pathetic stoty of 

fte Bronte family is faithfully told in Mrs. 
Itaskcirs memoir."— CWtic. 


The Sea •Officers Manual; being a Com- 
pendium of the Duties of a Commander; Firgf^Stcond, 
J'hyd, and Fourth Officer; Officer of the Watch; and 
Midshipman in the Mercantile Navy. By Captain A. 
Paiiish, of tlie East India Merchant Service. 

Small Post ^vOf price 58. cloth. 

“A verj' lucid and comiiendloua manual. I "A little book that ought to be Ift great 
\Se would revommend youths intent upon a request among young seamen."— i^xawtner. 
seafaring life to study it.’’— 1 


Third Series of Sermons. 

By the late Ret. Feed. W. Robertson, A,M., Incumbent 
of Trinity Chapel, Brighton, 

Second Edition^ Vost 81 * 0 , with Portrait y price 98. cloth. 

FIllST SERIES— A Edition^ Post 8 vo^ price 9s. cloth. 


SECOND SERIES— ^ottr/A Edition, price 98. cloth. 


, ** Very beautifhl in fcoUug and occasionally 
striking and forcible in conoeptioii to a re- 
markable degree,"— tJuarrften. 

‘*Mr, Robertson, of Brighton, is a name 
famiUhr to most of us, and honoured by all to 
whom it is familiar."— 


‘‘These sermons are full ot thought and 
beauty. There is not a sermon in the series 
that ddbs not fhmish evidence of original!^ 
without extravagance, of discrimination With- 
W)Ut tediousness, and of piety without cant qj 
conventionalism.”— j5nYfsA Quarterly. 


Antiquities of Kertch, and Researches in the 
dlmtnerian Bosphorus. % Duncan McPherson, M,D,, 
of the Madras Army, F,R.G.S,,M.A.I,, Inspector-GenCTal 
of Hospital, Turkish Contmgent 

Ta^crial Quarto, wit^ Fourteen Plates and numerous Plustrations, including 
Eight Colonred Fac^-Similes qf Belies qf Antique Art, price Two Guineas* 


** It is a v#ume whicJi deserves the carcftil 
attention of every student of classical antiquity. 
No one can fell to be pleased with a volnmo 
which has so much to attract the eye and 
to gratify the love of beauty and elegance in 


design. ..... The Tplume is got 
up with great care and taste, and forms one of 
the handsomest vrecks tihat hate recently 
issued foom the RngUah 
Revie0. 
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HEOEUX WOBKS-«miIM 


Annah of Bntmh JLegiahiimt « 
Smmmn «f JPartiammiary P^^pm. 
umos LBom Litl ' 


««• Tini(TT>*tH:<intB fxxt i« mti itmtm. 


ttflMtiM II li l» ilinm iHita>n#4 m 
H li mim kf iMimm Urn* ww M i» IlMf 
iiMi» ittMia* • kflitaMbi OM iii* 

** tl wtwM tm U tmf tA om'AiUMM Ump 
r tiKmmm urtiiL It ^ Hm 


nifti «f Mm ii BMMMil 

4* KTA BiSRIItl IMRNMMI flir n 




. . imjwiMiiwiBrii Uni it 

}« IIBtimMlMt flMtllt IHBlUfUlM tH RldlltllilWi * 


Life and S<y^i»o«# <>/* Tattler, 

Tnmaiated by Mu» SmjrjiA WiJtKWOrm. With a 
Prefaco by Uio R*t. Chakle# KiK«!fi.KT. ^ 

Smtil 410 , ranted «« Tinted Vttpett^ dind iemnd in dMth^nt idjfk* veith t^td eigen, 
enifnhie fir n Jiawnt fVute JAk ' 

A Vmt to Salt Lake; being a Journey acroits 
tht PlmM to the Mormon Settlmmts ot iSuA, By 
Wuxuu CnASDUJW. 

/\miI Sro* wtek a Map, pnee r/iflA. 


The Political Life of Sir Robert Peel. 
By Thomae Docblebat, 

Ttro IVirJiWA, Vr^wn ebdiL 


The European Remlutiom of 1848. 

By EoTrAHD CAtXEt. 

Ttro VaJtnmrn, Crvtcn Hrvt, prur IS#, ehtA„ 

Sigm of the Timett ; or, 2 lie Bangers to Reli^ 

t/wiu Lihtrty in the JWeent Dap. By the CkivaWEB 
Bdsskx. Tranaktcd by Mi»« Scaakka WiWWawtH. 

Om Fe(«UM<’,1i)Mv/i>riir, 16 ,. AiIA 

Stories and Sketches. By Jakes Patw. 

iW S«io, pti^t $$, tkL cioik 

Stoncy*s Residence in Tasmania. 

Dtmjf $ie 0 , iptM ^Vlt, msd «t prk$ llik Mk* 

The Court of Henry VIII.: being a Selection 
> of the Deepatchee of SESASTlAli GiCfSTHUAN^ Venetian 
Amhateador, 1515-1619. Tnuiahil**! hy BatteoJi 
BBOTr.»l. Toe ra*., ermm 9 m>,prie$ M* «*»#• 

Sight-seeing in Germany and the 2}yrol, in the 
Autumn of 1856. % SlE JoKK WomtS, AttlMtf 0* 
“ A Phyucian’s HolkUy,** Ac. 

/W fkt 0 , wiik Maptmd lOs, ^ 4 . tthik^ 
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RECENT WORKS-con«i«Med 

Conolh^nthe Treatment of the Insane. 

Demy price 14^, cloth. 

Hopkins's Handbook of Average. 

8w, price I2s. Bd. cloth. 

Morice's Hand-Book of British Maritime Law. 

price Be., cloth. 

Adams's History and Topography of 'the Isle 

of Wight, 

25 Steel Plates, cloth, gUt edges, price 21. 2s. 

WaHng's Manual of Therapeutics. 

• Fcap, Bvoj price 12^. Bd. cloth. 

Vogel on Disorders of the Blood. 

Translate by Chdnder Coomab Det. 

Sw, price 7s. Bd. cloth. 

Duncan s Campaign with the Turks in Asia. 

Two Vm.jpost BvOt price 2U. cloth. 

Boss's Account of Red River Settlement. 

One Volutne^ poet 8 vo, price 10i\ Bd. cloth. 

Ross's Fur Hunters of the Far West. 

Two Volumes^ post-Svo, With Map and Plate. 2ls. cloth. 

Rnsso-Turkish Campaigns of 1828 - 9 . 

By CoLOHEL Chesnet, R.A., D.C.L., F.R.S. 

Third Edition. Host BvOg with Maps^ price 12^. cloth. 

Thomson's Military Forces . and Institutions 

of Great Britain. 

8vOf price 15s. cloth . , 

The Militiaman at Hom& 4 iitd Abroad i being 

the Historg of a Militia' Regiment. 

With Tam Etchings, hy Jons Leech. Post 6vo, price 9s, cloth. 

Levi's Manual of the Mercantile Law of 

Oreut BHtoxR^o/fid ItelRud. 

8vOy price 125. c/olfe. 

Thomson's Laws of War Affecting Commerce 

and Shipping. ... 

Second Edition, greatly enlarged. Svo, price is. 6d, boards. 



1$ 


W0KK8 Oir iKDIA AND TOE EAST. 

Trmi» m th€ Natiw Armjf ^ By 

Biif!^kr-Q«nttral Jacob, CXB. Tm Fmt Complete 


pntm fid!. 

Rtjle Practice* By Bii|pdMn>^QiMnl Jao<», dB. 

Pimtm SdOmm^ pHm t«. 

7%c Pn^lish in Weetern India ; hein^ thi Early 
Hietory ^ Ike Faetory <U Stira/, 0/ Bombay, By Phiup 
Apiokbsok, A.M. 

S 9 €md $va^ prkf U«. cicdk. 

Life in Ancimt India, By Mas. Snoa. 

Wttfk^tjrfy ly BciiAitr. fitwi. ptvtm I Aifi dffunify hoemd $m 




ImtiBMi /fewilji .W*, ! te iSiMJ** i^^srwi, «iwi wiwfiiKlMl i:o«tifA. 

- WhrM'^eitt 4 f*Jwi ic, lare ffcr b«f«, tJfco The heck b idMniKii'' |tn« # 3 ^**— A«wi 4 «wr. 
B»3k*£ %ha xsml B^«Bur View «i;h»t \ 

The Caiivery^ Kielnah, and Godacery : being 

a Report on the Works comirucUd on thote Rivers, for 
the Irrigation of Prorinets in the Preeidentff of 
Afndrtu. Hr R. liaiKl) Bioth, F.O.S., Lt.-CoL Bengal 
Kngtnevrt, «^c.. &c. 

in tUmgf wnfh IS ^met 3<k chiJL 

The Bhilm Topee ; or, Buddhist Alomments of 

Central India. By Majob CtiSKWOlUM. 

0 «« VWiwiiff, with Tkittth^hfm PktittMk prhm 
•* fH fft twr%m pirM #C T whkh arr fig near ttx fiy widi «fi abwptajw® « 

IwiM rwMw Bav* ykhkAl m rk-h « teerwMil «# | 
iftptraiiiatt i» (Bniiw Q(f Eitiliii. \ 

I 17 

. The Chinese and their RehelUon*. 

By Thoba. TAYtAft Mjubowa 

On* TMttk Vtdwm^tm^ with Mam^ prkd Ififi. fiWI* .. 

“ Mr. itcMiamn' hmik U kh* *wrk ntm lSar««4, t 4< a e im » ufh« tfiidilil IjT 
tmMknkUm^, %aA (Amtfmipcrmms mk raMlp I him npmdlWhm rn Otm ** * 

im mmf mpnmr^Timw, I mnikm m wnm lirtai'aMi ifiiiwfi* 

** Mr. lfe«itQ«v W pritMtacftd n ninh irldcH | 


Jteview of the Measure* adopted in Indta for 
the Improved Culture of Cotton. oy*l)r. PoBBM 
Hvo, 2*. Qd, cloth. ^ 


The Fibrous Plants of India fitted for Cordage, 

Clothing, and Paper. By Dr. FoaBB# RoUi* 
price 12#. doth. 
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WOBKS ON INDIA AND THE 

^ Conwwrw of Cotton in 

Dr. Fobbes Roixa Bvo,prkel6s. doth. 

-R^owrm of India. By Dr. Forbes 
I tom. Super Royal 8vo, price Us. cloth. 

A Sketch of Assam; with some Account of the Bill 
Triies. Coloured Plates, 8vo, price 14 «. cloth. 


Butlers Travels and Adventures in Assam. One 

Volume 8^, with Plates, price 12s. cloth. 

S)r..fVitson o» Bf^nticide in Western India. 
Demy 8vo, pj-ice 12 s. 


Rev. James Coley's Journal of the Sutlej CaAl^n. 
Fcap. 8vp, price 4 s. cloth: ‘ J . s 


Crawfurds Grammar and Dictionary of the Malay 
Laiigiiage, 2 vo18.*8yo, price 365. cloth. 

Roberts’s Indian Exchange Tables. 8vo. Second 

Edition, enlarged, price 10s. W. cloth. 


Waring on Abscess in the Liver. 8vo, price 3^. 6</. 

Lauries Second Burmese War — Rangoon. Post 

8vo. with Plates, price 10s. Gd cloth. , 

Laurie's Pegu. Post 8vo, price 14s. cloth. 

Boyd's Turkish Interpreter: a Grammar of the 
Turkish Language, ^vo, price 125 . 

BridgnelFs Indian Commercial JTables. Royal 8vo, 

price 215 ., half-bound. 

The Bombatj Quarterly Remew. Nos. 1 to 9 at 5s. 
10 and 11 , price 65. each. 

Baillids Land Tas of India. According to the 

Moohummndan Law, 8vo, price 6s. cloth. 

Raillie's Moohxiflnnmdan Law of Sale. 8vo, price 
145 . cloth. 

Irving^s Theory and Practice of Caste. 8vo, price 
65. cldth. 

Oingeirs Ceretnonial Usages of the Chinese. 

jGnperial 8vo, price 95. cloth. 



4 wcHocs it 

mw CTHAF *SWSI OF f^OME W0BI8. 

ia SMiirioiiiit<^«ttiiiii^ 

JLeetitns* m tk9 JBnmk Biimmii^4»%J^^ Ifuh 
Ct»twni. By W. H. TaAcanaur* Aatlwrof «Tkiiity 
F*ir.'*'i*'n» Vtn^iil«»,’’ftc. JHMB«;«<I.«MI. ^ 

JBriiish Rule in Tndio, Bx HAnaygy MATiff j n^ 

IVidrftir. EiL^fML 

7%« PulitietU Economtf of Art. By Joks 
R irttut, lA.A. Fne$ S«. 6d. tloik. 

TW 8E FOLLOWED BT 

JTie Town ; U» Memorable Vharaeter$ *ani 

Bventi. By I^ca Ifnrr. 

WiMAS CVi*. 

AXD OTBXit STAMMKD W0BK8. 


CHEEP SBEIE8 OF POFCUUI FIOTIOHE 

Well printed, in Urge type, on good paper, and strongly 
botilmi in <dotb. 

Jane Ryre. By Cthreb Bbu. Pria 2$. 6d. tM. 

“'JaM KtM' I* • taaiMutM* tta<«cei« i (IwntM. WwKfa lUt tak ts M«i>* 

Ewt umum* Owe* Hit ttuMu* <i«4 tmmm *«• 

Awt«r AbrUf tim 4iwf iptiUMi u0 iuo«i»i m m l»f%|pi Ml of tm m uk iii«fit«^ ^ 
Kvwfx, mA I» tiiMr ikMilymtiMi «if kumm * 

Shir lev. By Cfbiikb Bux. /V£r« 2s. 6d. ehth. 

**ttut powfT wfirirl* wmm «f««Ur wfckOi,isri<iw(»*ili ••• of 

in * isuM Fyt«* u BMii Afim m iwA l» liA mio f 

lEtst <»mA It jnsmmmm 4mp iMtefWM, 4Ml «• 

Villette. By Co*A* Bmx. Price 2>. M, ei4>A. 

fHpr«i vmvkf \mMm fli* t m m otIkM «i« |<wrtr<W 

Iht »«ii«or of * Eivu* 'BAIrttjr* I 

Wuthering Heighte^xnd Agne$ Grey. By 
and Actor Rox. With Memoir by Ciwrer Bril. 
Price 2$. 9^. chdt. 

to m roixowBD »x 
. A hoei Lorn. By Amfobd Owbr. 

Deerbrook. By IIabuxt Mabtirbab. 

School for Fatherg. By Tau&x Qimnfi. 

Roge Douglag. 
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NEW NOVELS.; 

« (to be had at ale librabies). ’ . . 

The Cr^st Wrong of All By the Author of 
‘ Margaret ; or, Prejudice at Some.” 1 vol. 

The Moors And the Fens. 

3 volS. 


By F. G. Trasffobd. 


“ k if scUiom iliat a first fiction is* entitled 
to fuch appUnje a« ‘ The Moors and the Fens.* 
The plotv. UTOHckneyed. and tlie composition 
If partictLiarly ijood.’*— Critfc. 

The plot'fs and skUfally worked 


out; many of the scenes are described with great 
^wer. and the ohmracters look like portraits 
from life. It will be found iDterestlpif'and 
exciting.**— 2,adtw* 2feu>spapef‘. 


CxOSton Fligh. By L. S. Lavenu, Author of 
“ Erlesinete.” 2 vols. 

‘ GaSton Bligh * is a good story, admirably 
toy. full of ftirrliig incident, sustaining to the 
close I bo Interest of a veif Ingenlons plot, and 
alK>unding in clever sketches of character. It 
sparkles with wit, and will inward perusal.’— 

Critic. 


** A charming work of fiction.”— Afornwo 
Chronicle., 


The story is told with great pojspr ; the 
whole book sparklet with €tpr0; an^i the 
characters talk like gentlemen and ladles. It 
» vei 


The Three Chances. 

Ctirew.” 3 vols. 


» very enjoyable reading.”— Prew. 

By the Author of ^^The Fair 


“ The anlhoreas has a mind that tUorouidvly 1 “This novel is full of good sense, 'good 
appreciates the humorous in life and charac- thought, and good writing.*’— 
ter.”— | 

The White House hy the Sea : a Love Story. 

By M. Betham-Edwaeds. 2 vols. . 

RvderstoTi. By Geokgiana M. Cbaik. 3 vols. 
The Professor. By Ccbbek Bbu.. 2 vols. 

The Noble Traytour. A Chronicle. 3 vols. 

Farbia ; a Legend of Cologne. 

•iBy George Mbseditit, Aul^ior of “The Shaving 
’ ' of Shagpiit,” 1 vol. Post 8vo, 10s. 6c/. cloth. 

Below the Surface: a Stoj^ of Fnglish Country 

Ltfo. 3 vols. • ^ • I TT‘ l 

The Roua Pass ; or, Englishmen in the High- 
lands. By Erick Mackenzie. 3 yols. 

Fathie Brande: The Fireside History of a 
' Quiet Ute. By Holme Lee, Author of “Gilbert 
Massenger,” Thorney Hall,” Sx. 2 vols. 

Friends of Bohemia; .or, dfdon. 

Life. By E. M. Whitti, Author of “The Gtivern- 
ini: Classes." 2^013., post 8vo. „ , 

Lucian Playfair. By Thomas Maokebn. 3 vols. 



If 


W<HIKS P HRuarntn 


NOTHiS wmmco^m. 

SyBm B(i^$ Dauahitt: %r Author 

-t^^BjK£h{ftB|wndl<;r firtjk * 

Mmd ShUticerm** S#ot«. 

MtfLad^. 3 vols. 

Au OM JO«ht 3 vob. 

Mutation, 3 vol». 

Old and Vmmj. i vol. 


Jim BOOKS FOR YOUNG READKRS. 

Uncle Jack, the Fault Killer. 

H%tJk fdm^ iBrno^htma, /Viwe ckdK. 

^ Aa onfumnt MrtV hmHn *d immSi t Ui* mmi la 

mtti isudk ittfMiiKi to (liMNii H w I ttMl 

Willies Mirthday ; showiny how a Little Boy 
tUd \eh<it hf Liked, md how he Lnjo^l it 
iW i*ric* %$. (htk, 

Willie’s Best : rt Sunday Story. 

%¥t§k JFmr 5f. iaJ, fkdK 

Or<M«^HRtk ^ w«IJ wrUtfa skaej tux'A*. 

‘ I fmiMtifjf UWt *»4 XPt «f mi f 

I «ljit Ustmhi^\ 

J , 

Bound the Fire: Six Stories for Youny Benders. 

$qtm$ ti«MV jnkMttaUm*, Ffie§ a#* ekdk 

** ntomiiifif wfiisfa saA mj 

*« 1!^ Httl« I 

The Kiny of the (golden Bh'er ; or, the Black 

JirotiJn. By Jouit KcaXDt, M.A. 

Tkeri Edsikm^ mUk St lUktHf^Ukm 4|r Eichaiu^ Potmiu /V«v %t, 6^* 

Tfci Itory lM» • 

The Bose and the Biny ; or the History 
Priim QujUo and Prises Butbo. By l^p. 
TiTMAttftH. 

Wiik 58 Oit* SmmH if Out Attdm. arJ SdSkm, ptk* «*■ 
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MISCELLANEOUS 

Elementary Works on Social Economy. Uniform in 

foolscaj^v*, half-bound. 

I.— OUl|IJNES OF SOCIAL ECONOMY. 1«. 6d. 

IL— PKOGK^SIVE LESSONS IN SOCIAL SCIENCE. 

III. — INTKODUCTION TO THE SOCIAL SCIENCES. 2*. 

IV. — OUTLINES OF THE UNDERSTANDING. 2s. 

V.— WHAT AM I? WHERE AM I? WHAT OUGHT I TO 
^ DO ? &c. 1«. Bewed. 

Swainson's Lectures on New Zealand, • CrOwn 8vo, 

price 2.*. G(l. clotlv * 

■ Swfiinsmi’s ylpcou7it of Auckland. Post 8vo, with a 

4 price 6^. cloth. ' 

PlayforfFs Hijit.s for Investing Money. Second 

Edition, post 8vo, price 2^. fid. cloth. 

Sir John Forbes’s Memorandums in Ireland. Two 

Vols., post 8vo, price H. Is. cloth. 

Leiij!;lt Himfs Men^ fVomen, and Books. Two Vols. 

Price 105. cloth. 


Table Talk. 2>s. U. cloth. 
Wit and Humour, bs. cloth. 
Jar of Honey. 5s. cloth. 


John HerscheTs Astronomical Observations made 
at the Cape of Good Hope. 4to, rvith plates, price 4/. 4s_ do*. 
Hariri ns Geological Observations on Coral lieefs, 
Vokanic I.daitds, and on South America. Witli maps, plate.s, 

Lrk Sirs V <’>0 -O'oM- Two V„k., 

.S' . By M.- Hao and C. F. 

CoitNw.u.1,13. Post 8vo, pnee fis.*c Oth. Vditinn 

Houbledays True Law of PopuMioh. Third Edition, 

8vo, 1 (D. cloth. r, • ' B „ Twn Vnk 

McCann's Argentine Provinces, ^c. Two Vols., 

post 8vo, ^vith ilhrstrations, pnee 245. clotln 
Roweroft’s Tales of the Colonies. Sixth Edit. bi. cloth. 
Goethds Convershfons with Eckermann. Translated 
^ by John Oxenkoud. Two Vols., posUSyo, 1^. cloth. 
Kavana<rh’s Women of Christianity Exemplary for 
P^faJui Charity.^ Post 8vo, with Portraits, price 125., m 
embossed cloth, gilt edges. 
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, K)BTRr. 

The iSHr Lef^de King OidthMfmr, Bv the 

lu.AnuBui»nm Fep, »,5, pWs/ 

Mngitmd in Tim 0/ War, /Bf ^xmmu Doheu., 

Ambor o(f “'Tlw Rowuib,* Ao. €i««n fro ^5#» cloth. 

in tiv« «« item itewi 

The Crud Sv/ter, and other Poem*. Fc«p. 8 ^ 0 , 4 .v. cl. 

t)km ftit tman «# pawn, «o>ii iim n«#terMiE»« mtdtm pirA 

Ihcnts of *lhtxt IVfjrjf. By Sir ABTiit-H H.iif.t.A.M 

Bsiii., M,l\ Fesip. ?%vt\ lU. c1<4h. % 

** Jk fitftjHWl. 3H£h»i>i*£iy , *:54 j» av Ujn’-H.iJb 

• 9 

forms. By Mrs. Frank F. Feuc»»«. Foap. .Svo, .'iA.Al. 

Lota, AND OTHER VoEMS. Bv Dt.VoN HaRHIS. 

Fc^p. chill*., 

** iJiRliiAy i/i< ^Mh ffffi'Jx:* Afnsl * ■l.-U'fiw 

Pm’trif from Lift\ By C. M. K. I’*cap. Hvo, cl. {filt, 'ja'. 

‘‘ E'i»r!j>ws4 ihttsrt*. fHwr k».A « p6<r'*»t<t4 «ivt a '* /'-’rviwv’Kfj’V 

Poems. By Wai.tkb K. Casski*. Fcap. Hvo, i)ri< c 

:u. w. cU sh. 

*• Vr *v»!* faORf^kifcJ 0/ rr4J H« p«<SD'^ **« 

written witti' a «»< ify tiff* tfxAiS't rmutMti " ■ tJmndusn. 
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